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BOLTING A COLUMN. 


HE genesis of the steel-frame building, 
known colloquially as- the “sky- 
scraper,’ is due primarily to the 


high cost of sites in the great cities of the 


United States—notably New York, Chicago, 
and San Francisco—and the importance of 
having business offices in close 


Origin of the proximity to the centre of 


Steel-frame 


Building. 
is of great value in the central 


parts of London, Paris, and other European 
cities, it is always possible to extend the mer- 


cantile quarter into outer regions—a develop- 


ment which is constantly in operation. In 
places like Chicago and New York, however, 
there are obstacles to lateral expansion, and 
the inhabitants of those cities have adopted 
the policy of spreading themselves out verti- 
cally rather than laterally, by the aid of lofty 
steel-frame buildings. | 
VOL, IL. 


(Photo, Illustrations Bureau.) 


commercial life. Although land _ 






| BY 
W. NOBLE TWELVETREES, 
M. Inst. Mech.E. 


The Steel-frame Building, as we know it 
to-day, is a masterpiece of engineering 
skill. It provides accommodation for 
the population of a fair-sized town, and 
represents worthily the advances made 
in metallurgical and structural know- 
ledge during the past fifty years. 





The business districts of New York cover 
the southern end of Manhattan Island, where 
land fetches enormous prices. A corner plot 
at the junction of Broadway and Wall Street 
sold for £120 a square foot—the highest price 
ever paid for a building site. The triangular 


' gite on which rises the famous Flat-Iron Build- 


ing cost half a million pounds sterling. 
No wonder, then, that in New York engineers 


. and architects have turned their attention very 


seriously to the problem of securing more ample 
office accommodation by increasing the height 
of buildings. With brick and stone the limit 
had been reached at from twelve to fourteen 
stories, as the necessary thickness of the walls 
at the foundations diminished the floor space 
to a serious extent. Architects therefore took 
advantage of the fact that mild steel is at least 
two hundred times stronger than brickwork in 
compression, and infinitely stronger in tension, 


and proceeded to incorporate | 
steelwork. into their edifices. 

Modern steel-frame buildings 
differ essentially from struc- 
tures of ordinary brick or 
masonry, and embody two 
types of ‘construction. As 
these ‘are often confused the 
orie with the other, it is well 
that we should have a clear 
definition of each at the out- 
get, 

A “‘steel-skeleton ” building 
is one with outer walls built 
up in the usual way, but hav- 
ing an interior 
framework of 
iron or steel to carry the floors, 
interior walls, and roof. On 
the other hand, a “ steel-cage ”’ 
building is one in which every 
ounce of weight is borne by 
the metal framework, the outer 
walls being comparatively thin, 
and inserted like panels in a 
door or panes of glass in a 
greenhouse. They are, in fact, 
nothing but curtains to give 
protection against the weather, 
and therefore are known tech- 
nically as ‘ 


Definitions. 


CHURCH. 


curtain wal 





Fig. 2.—ORDINARY CONSTRUCTION WITH MASSIVE 
WALLS CARRYING ALL LOADS. Fig. 3.—SKELETON 
FRAME OARRYING FLOOR LOADS, SELF-SUPPORT. 

Ina watts Fig, 4.—caGE FRAME CARRYING ALL 
LOADS: OURTAIN WALLS SUPPORTED, BY AND 
ENCASING THE STREL FRAME. 





‘ 
: : 
4 5 
a 
oF 
oan 
ages 4 
eon ; 
Ie 
y . oh 
. a 
* - tif 
ee 
* ‘ 
4) . 
‘ay 
Mi ste 
. Be sy f 
a ne 
Laer 4 
gh 
+ hp 
oh. 
t 
coe 
eee ae, 
ee 3 
% 
ah Ag i‘ rae 4 
Ps 
1 
g 


i : 


I 


r 
reo ppp aren ge 
= 


Fig. 5.—WALL STREET, IN NEW YORK, SHOWING HOW STEEL- 
FRAME BUILDINGS 


OVERTOP EVEN THE TALL STEEPLE OF A 


Three simple diagrams will help the reader 
to understand the case. Fig. 2 represents an 
ordinary brick building, with walls thick 
enough to carry their own weight and that of 
the floors and roof. Fig. 3 stands for a build- 
ing which has thinner walls, because the floor 
loads are carried by the steel skeleton. In Fig.. 
4 we see a“ cage ” edifice, with the panel walls 
resting on gitders forming part of the cage by 
which the loads are supported and transmitted 
to the foundations. These sketches are purely 
diagrammatic, and are intended merely to. 
make clear the difference between the three 
forms of construction, and to illustrate the. 





Fig. 6.—DIAGRAM ILLUSTRATING THE PROGRESSIVE 
INOREASE OF HEIGHT IN STEEL-FRAME BUILDING 
CONSTRUCTION. 


saving of weight that can be effected by the 
aid of steel framing. 

They show that the skeleton and cage systems 
—especially the latter—enable the engineer to 
obtain far more interior space on a given site 

than is permitted by the or- 
~ dinary method of design. Lest 
any of our readers should underestimate the 
importance of this feature, we take as an ex- 
ample the case of a twelve-story office building 
100 feet long and 50 feet wide. Without going 
into wearisome calculations, we simply state 
the result—that more than 4,000 square feet 
of floor space can be gained by substituting 
thin curtain walls and a steel cage for the 
regulation thick masonry walls. This means 
that twenty-four additional offices, each about 


Floor Space 


13 feet square (or its equivalent), could be. 


securgd, and without paying any more ground 
rent or buying additional land. 

Again, we may take a five- 
story building as the basis of 
comparison. It is obvious that 
the cost of land per floor is redyced by 50 per 
cent. for a ten-story building ; by 75 per cent. 


And Value 
increased. 


for a twenty-story building; and so on. 
The practical results are that in America office 
and warehouse rents have been reduced by 
one-half, and that nevertheless property owners 
have doubled the return on their capital. Con- 
sequently the difficult problem of pleasing 
everybody has been solved, and it is not sur- 
prising that the height of steel-frame buildings 
has increased progressively in numerous Amer- 
ican cities. Fig. 6 will give some idea of what 
has been done in this direction within the last 
few years. 

American engineers admit readily that the 
credit for inventing the steel-frame system is 
really due to England, as the first edifice illus- 
trating the system was the 
magnificent iron-frame cage 
built by Paxton for the Exhi- 
bition of 1851, which still survives as the 
Crystal Palace. This building (Fig. 7) is a 
genuine cage structure, whose outer walls are 


The Crystal 
Palace. 





Fig. 7.—PART ELEVATION OF CRYSTAL PALACE. 
AN EARLY EXAMPLE OF STEEL-FRAME CON- 
STRUCTION: 


merely sheets of glass. As they had before 
them this convincing proof that an iron cage 
formed a perfectly stable and self-supporting 
structure,. it is indeed strange that British 
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architects and engineers should have made no 
attempt to apply the system to building con- 
struction until it had been imported as a ’cute 
American notion. 

The first form of 
metal-frame build- 
ing in the United 
States is said to 
have originated in 
California about 
1867, when iron 
frames were con- 
structed within the 
walls of buildings 
for the purpose of 
preventing rupture 
by earthquake. In 
1882 Mr. W. L. B. 
Jenny was commis- 
sioned to design a 
ten-story building 
in Chicago. It had 
to give accommo- 
dation below for 
two banks, and 
above for small, 
well-lighted offices. 
Theserequirements, 
coupled with the condition of a very com- 
pressible soil, necessitated a 
novel method of construction, 
including narrow piers to give proper window 
_space and thin walls to allow sufficient room 
for the foundations. 

To thicken the piers into the building would 
have been objectionable, and the natural solu- 
tion was to build an iron column in each pier 
to carry the floor loads.. This entailed a diffi- 
culty arising from the fact that the iron and 
brickwork had different factors of expansion. 
So Mr. Jenny went a step further, and de- 
signed columns to bear the walls as well as 
the floors. Thus the final design comprised 
® complete cage, consisting of columns and 
girders, the outer walls being split up into 
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Fig. 8.—Posina FOR PHO- 
TOGRAPH ON THE HIGH- 
EST POINT OF A FORTY- 
STORY BUILDING. 


(Photo, Illustrations Bureau.) 
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separate panels, each carried by a wall girder. 
or lintel; and Mr. Jenny may therefore be. 
regarded as the originator of the.cage system 
used in modern building construction, _. 

‘The Drexel Building, Philadelphia, designed 
in 1887 by Mr. Joseph M. Wilson, is a good 
instance of steel skeleton construction, having 
columns in the outer walls connected with and 
sustaining the floor girders. By designing the 
frame to carry the floors and partition walls 
independently in each story, it became pos- 
sible to adopt any desired arrangement of the 
rooms without reference to the disposition of 
those on other stories. 

The first example of the cage in New York 
was the Tower Building of eleven stories de- 
signed by Mr. B. L. Gilbert in 1888. A very im- 
portant feature of steel-frame 
construction is that of speed, Pes once 
To those familiar with British 
methods only, the completion of the roof be- 
fore the walls are finished would appear an 
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Fig. 9.—FIXING A DERRICK FORTY STORSES 
ABOVE BROADWAY. 


(Photo, Iluetrations Bureav.) 


absurdity. But in practice it is possible and 
usual to work on this apparently cart-before- 


the-horse plan. in the erection of a sky- 


“\ STEEL-FRAME BUILDING. 6 


soraper. In building self-supporting walls, 
they’ must be reared laboriously stone by 


stone, or brick by brick, from the foundations — 


upwards. Only one story can be attacked at 
a time, and the number of men usefully em- 
ployed is limited strictly by the length of the 
walls to be built. Therefore, assuming that 
no more than twenty men can find space on 


¥ prepare plans. These are elab- 


the walls of an 
ordinary building, 





+ | 

fi : and that the con- 
| jeteresersenn | struction of one 
_—— i story occupies one 
i | month, it follows 
ai = | ! that the building 
. | pete! of ten stories 
ol would take ten 
| ik ee iT months. 

it i On the other 
iF eens | hand, in a steel- 
| fieenanesee | cage building of 
aan 2 the same size, if 


twenty men were 
started simulta- 
neously on every 
floor, all the walls 
would -be com- 
pleted in one 
month, or in one- 
tenth of the time required for ordinary con- 
struction. Assuming the walls to be of equal 
thickness in both cases, the results of one 
week’s work would be shown in Fig. 10. But 
owing to the smaller amount of masonry in 
the walls of a steel-cage building, the economy 
of time is actually far greater, although allow- 
ance must be made for time occupied in erect- 
ing the steel frame. Moreover, all the floors 
and partitions of a cage building can be 
erected on every story as fast as the frame- 
work is erected, while the execution of similar 
details in an ordinary building is necéssarily 
delayed by the slow and tedious operations 
of the stonemasons or bricklayers. 

: Let us now draw a picture of what happens 


Fig. 10.—praGRaM ILLUS- 
TRATING COMPARATIVE 
RAPIDITY OF WALL CON- 
STRUCTION IN ORDINARY 
(LEFT HAND) AND STEEL- 
FRAME (RIGHT HAND) 
BUILDINGS. 
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when the erection of a steel-frame building has 
been decided upon. The site being chosen, an 
architect is commissioned to eee 
orated, redrawn, and multiplied. They con- 
tain masses of figures and calculations, all 
carefully revised again and again by experts, 
and their number is legion. No care must be 
spared here, as human life depends on their 
absolute accuracy. From the originals are 
made the photographic prints for the rolling 
mills and quarries, and to guide the riveter 
and mason and electrician during the pues 
days ahead. 

This part of the work finished, the columns 
and girders are rolled at the steel mills, and 
the contractor starts excavating for the foun- 
dations. These last must be Heindetinne 
above all things secure, and ; 
often represent a large proportion of the total 
cost and labour of the entire edifice. If 
rock be struck reasonably near the surface, so 
much the better. If not, the foundation men 
go down till they reach it, or some stratum 
sufficiently firm to give a footing for the main 
columns. In New York the engineers usually 
go to rock. This may necessitate the use of 
pneumatic caissons to combat water in quigk- 
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Fig. 11.—TOWER FOUNDATIONS, SINGER BUILRING, 
NEW YORK. 


sand or fissured rock. In the case of the enor-. 
mous City Investing Building the foundations 
are rectangular piers formed by sinking caissons 
to rock at a depth of 80 feet below the surface. 
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Fig. 12.—BRICKLAYERS AT WORK ON NEW TERMINAL BUILDING, 


NEW YORK. 
Observe the suspended scaffolds. 


(Photo, Iliustrations Bureau.) 


and filling them with concrete. On top of 
each pier is a steel grillage to distribute the 
pressure of the columns. The Terminal Build- 
ing of the Hudson Companies rests on a coffer- 
dam of concrete with 8-foot walls extending 
from 80 to 95 feet below the surface. For the 
Singer Building thirty-four caissons were sunk 
200 feet; whereas for the Metropolitan Life 
Assurance Building the engineers made arti- 
ficial foundations. Though out of sight, this 
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an engineering point af view, 
of exceptional interest, — 


ready to carry their load, 
the steelwork is © begun. 
First come | 
the columns, 
whose section has been cal- 
culated carefully to carry 
the stresses due to “ dead 
load,” “‘live load,” and wind 
pressure. The corner. col- 
umns of the Metropolitan 
Life Assurance Building are 
‘required to bear each a maxi- 
mum load of about 5,000 
tons. As the New York 
building laws place the limit 
of weight on foundations at 
15 tons to the square foot, 
the engineer or architect has 
to distribute the pressure of 
the columns over the piers 
by a grillage of girders. 
Moreover, the column feet 


The Cage. 


the piers to resist the lifting 
efforts of the wind. 

When once the columns 
are fairly 
started, erec- 
tion goes a- 
, head very rapidly. Great jib 
cranes rise at the top of all 
to lift the steelwork members into place. 
As fast as these last reach their respective 
positions they are seized by nimble-footed 
workmen and 
spiked temporarily, 
ready for the riv- 
eters, Who, armed 
with sledges and 
pneumatic _ tools, 
soon make every- 


The Men who 
do the Work. 





Fig. 18.—TYPICAL COLUMN 
FOUNDATION, BITZ HOTEL. 


underground ‘work is, from. 


When the foundations are 


must be anchored firmly to- 
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Fig. 14.—SINKING PNEUMATIC CAISSONS FOR FOUNDATIONS OF A © SKYSORAPER. - 
(Photo, Iusirations Bureau.) 
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Big. 15.—at work 570 FEET ABOVE STREET LEVEL. 


# 


thing permanently snug. They are wonderful 
folk these aerial workers. Apparently care- 
less, and ready to take risks such as would 
stagger ordinary humanity, they tread cir- 
cumspectly and attend closely to what they 
do, for upon each one of them 
may depend the lives of sev- 
eral of his fellows. Cool, steady 
nerve is their chief asset. 
Their apparent unconcern only 
masks a constant watchful- 
ness, born of guarding against 
the never-ending danger of 
certain and sudden death. 
The result is that the death- 
roll, despite the perilous con- 
ditions, is extremely small. 
Some of the tallest skyscrapers 
have been erected without the 
loss of a single life. The ut- 
most care with regard to pre- 
venting the fall of tools, 





‘agquire terrific momentum doring a Pas 
of some hundreds of feet. A. drift-pin 
weighing 3 Ibs. rolled off a plank on the 

_ highest story of the ‘“ Metropolitan Life.” 
It struck a flange on the thirty-ninth 
story, hurtled out into the air, and fell 
on the roof of a car in the street below 

with such force as to pass clean through 
the car, skinning off the side of a suit 
case en route. 

Long before the steelworkers have 
finished their job, an army of masons, 
bricklayers, carpenters, and electricians 
have begun to construct 
walls, partitions, and ee 
floors, and to make the edi- 
fice habitable. Their progress is assisted 
by several tiers of scaffolds slung from 
wire ropes, to enable work to proceed at 
several floors simultaneously. It often 
happens that some of the offices are ready 

for occupation before the roof is on, or that 
a story is finished while those below are still 
open steelwork, owing to delay in the delivery 
of the necessary materials. (See Fig. 19.) 

The speed at which these skyscrapers rise 





rivets, etc., must be taken, for = Fig, 16,—GRILLAGE FOUNDATION PLAN FOR COLUMNS CARRYING 
even a small object will . THE ENTIRE WEIGHT OF THE RITZ HOTEL, LONDON. 


Fig. 18.—THE METROPOLIS BANK BUILDING 
Fig. 19.—a GooD EXAMPLE OF PUTTING IN 


(Photos, The Thompson Starret Company, Builders.) 
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THE WALLS OF UPPER STORIES BEFORE THOSE BELOW ARE COMPLETE. 


FOUR AND A HALF MONTHS LATER, READY FOR OCCUPATION. 


g. 17 
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is hardly less than marvellous. The Baltimore 
American Newspaper Building, destroyed by 

fire in 1904, was replaced by 
Speed Records. | ow structure of twelve 
stories in the space of five and a half months. 
The Farmers’ Bank Building, Pittsburg, an 
edifice 350 feet high above the pavement, 
140 feet long, 120 feet wide, and containing 
nearly 5,000 tons of steel, went up in six 
months from the time of completing the foun- 
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Fig. 20.—DIAGRAM OF PROGRESS IN RECONSTRUC- 
TION OF THE ‘‘ BALTIMORE AMERICAN ” BUILDING, 
1904—5. 


dations. The steel cage of the New Phelan 
Building, San Francisco (329 by 296 by 205 
feet), was erected in seventy-five working days ; 
and in the same city even more sensational 
records have been made. In Figs. 20 and 21 
we give graphical representations of the pro- 
gress made on the two buildings first named. 
The mention of San Francisco naturally 
turns our thoughts to the earthquake and fire 


Fe 





Fig. 21.—pIaGRAM OF PROGRESS IN CONSTRUC- 
TION OF FARMERS BANK BUILDING, PITTSBURG, 


of 1906, and suggests inquiry into the suit- 
ability of steel-frame buildings to resist severe 
shock and prolonged exposure to fierce heat. 
We will deal first with the question of earth- 
quakes, 


a 


Fig. 22 contains curves a, }, c, and ai, illus. 
trating the oscillations in buildings —— by 


(2) (2) () 


SEE 


Normal Posiion f"’Movemenf =I" Reversal = 2"¢ Reversal o'* Reversal 


Fig. 22.—DIAGRAM OF VERTICAL EARTHQUAKE 
MOVEMENTS. 


the horizontal movements which are the most 
destructive features of earth- 

quake shocks. The normal 

position of the building is here 

represented by a vertical line, and its form 
at each oscillation by a curved line. 

Now let us consider, with the aid of Fig. 23, 
what would be the effect of similar contortions 
on an ordinary brick wall. The first move- 
ment, a, breaks all the joints on one face, 


(2) () (c) (a) 


(“Movement 1” Reversal 


Fig. 23.—DIAGRAM SHOWING EFFECT OF EARTH- 
QUAKE MOVEMENTS ON BRICK WALLS. 





2"Reversal = 3“Reversal 


absolutely destroying the bond of the mortar ; 
the first reversal, 6, shuts up the joints on the 
right-hand face in the lower half of the wall, 
but opens those on the top left-hand face ; 
the second reversal, c, threatens immediate 
collapse; and the third reversal, d, is even 
more threatening. 

Although purely diagrammatic, these 
sketches are sufficient to show that an ordi- 
nary building could not possibly survive more. 
than one or two movements of the kind, and 
that it would very soon come tumbling down 
like a house of cards. 

By way of contrast, we give in Fig. 27 a 
sketch showing the effects of a severe shock | 


STEEL-FRAME’ BUILDINGS. 
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Fig. 24.—LIBRARY AT STANFORD UNIVERSITY 
AFTER EARTHQUAKE. 


The only part not injured was the steel-framed tower 
and dome. 
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OF THE LIBRARY BUILT IN ORDINARY CON- 
STRUCTION, STANFORD UNIVERSITY. 
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Fig. 26.—couRT HOUSE, SANTA ROSA, AFTER 
ae EARTHQUAKE. 
(Jiustrations jrom Proc. Amer. Soc. C.H., vol. zxxtit., No. 8, 
Plates XIX., XX., and XXXI.) 





ll 
of ‘earthquake on a stecl-cage building, where 
the columns and‘ beams are securely con- 
| nected. The bending of 
columns of course exerts a 
severe strain on the joints, 
but if these be correctly pro- 
portioned no harm can result 
to the cage. The substantial 
accuracy of the foregoing comparison is de- 
monstrated by the result of the earthquake 
in San Francisco. Many buildings there 
with masonry walls and timber floors suf- 
fered severely, the damage ranging from minor 
cracks to complete destruction. Fig. 24 is 
a view of the library at Stanford University, 
where the only part not ruined was the 
steel-framed tower and dome, the havoc 
wrought being further illustrated by Fig. 25. 

Still more striking is the case of the 
masonry Court House at Santa Rosa (Fig. 
26). 

The self-supporting walls of skeleton build- 
ings also suffered much injury from the earth- 
quake. A good comparison of the different 
behaviour of masonry and steel framework is 
afforded by Fig. 28, page 397, showing the 
steel skeleton of the City Hall, San Francisco, 
intact, while the outer self-supporting walls 
have literally crumbled away. 


Superiority 
of the Steel— 
frame over 
the Brick 
Building. 
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Steel cage with girder bracing. Steel cage with latticed bracing. 


Fig. 27.—pDIAGRAM SHOWING EFFECT OF EARTH-- 
QUAKE ON A STEEL CAGE. 


Buildings with a steel cage supporting all 
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wall and floor loads naturally came best out 
of the ordeal, the damage from earthquake 
consisting merely of cracks in tile partitions 
and brick walls, and some damage to stone 
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Figs. 29 and 30.—Sections of columns protected by wire 
netting or metal lathing coated in plaster of Paris, and held 
away from the surface of the columns by V-shaped strips of 
sheet iron or by vertical rods gripped by clamps projecting 
from the columns. 

Fig. 31.—Improved method. Double envelope of plaster 
or metal lathing, with intervening air space. Note.—Plaster 
of Paris being readily destroyed by fierce heat, its use is not 
to be recommended. 

Fig. 32.-Column encased by wood lagging, covered out- 
side by sheet iron and concrete. 


~~ 


facing. As for the ‘cage construction itself, 
we need only repeat the general conclusion 
arrived at by the Committee of the American 
Society of Civil Engineers that “the damage 
to steel frames was almost negligible.” 

Let us next consider briefly the most effec- 
tive methods for protecting 
steel-frame buildings against 
fire. The various systems of 
encasing columns are shown in Figs. 29-46. 

Floor, roof, and other girders are pro- 
tected in a manner similar to columns, as will 


Protection 
against Fire. 


" 


be inferred from the diagrams, Figs. 47-58, 
page 307. 5 ie ee 

Many inadequately protected steel-frame 
buildings have been destroyed by fire in the 





Figs. 33, 34, and 35.—Improvement on last. Columns en- 
cased in concrete. . 

Figs. 36 to 40.—Protection by terra-cotta blocks, of 
shapes varied to suit the cross section of the columns. 

Figs. 41 and 42.—Double terra-cotta casing. : 

Figs. 43 and 44.—Wrong ways of leading steam, water, 
gas, and other pipes inside column casings. Leakage tends 
to corrode the metal, and repairs to the pipes necessitate 
the removal of part of the casing. 

Figs. 45 and 46.—Proper methods of enclosing pipes in 
separate compartments of the casing. 


United States. Consequently, far greater at- 
tention has been devoted in recent years to 
methods for the protection of steelwork, and 
especially to the employment of fire shutters, 
wired glass, water screens, and other devices 


for preventing exterior flames from gaini 
access to the inside of buildings. If columns 


‘and girders be thoroughly encased in concrete 


or terra-cotta, and doors, window-frames, etc:, 
be made of metal, a fire is localized through 
sheer want of fuel. The San Francisco fire 
proved that, where proper precautions are 


ih 
at wt 


‘tedken, r eee will’ come through a 
‘terrible iio without suffering in- 





Fig. 28.—ciTy HALL, SAN FRANCISCO, AFTER 
EARTHQUAKE. 


Note that the steel skeleton did not support the wall 
which was wrecked. 


(From Proc. Amer. Soc. C.E., vol. cxziii., No. 8, Plate XXII.) 


juries that cannot be repaired speedily. In 
that disaster, we may note, the protective 
casings had been damaged 
previously by an earthquake, 
yet a special committee ap- 
pointed to inquire into the Pe 
effects of the double disaster 
reported that ‘steel frames 
were the least injured of any 
part of the structures. Where 
properly protected there was no 
injury. Where the protection 
was faulty, or where there was 
none, the destruction was com- 
plete.” 

Fears haye been expressed 
that the framework of steel- 
skeleton buildings may be 
undergoing continuous and 
serious, though slow, deteriora- 
tion from the corrosion of the 
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metal. There is evidence, however, to prove 
that these fears are quite groundless where 
reasonable precautions have 
been taken to prevent the 
penetration of rain and mois- 
ture. We might quote many examples of the 
excellent condition of encased steelwork after 
standing many years. If the metal be em- 
bedded in good Portland cement concrete, it 
is protected against the effects of moisture so 
effectively that its condition would be the 
same many hundreds of years hence ; in fact, 
the steel would be practically as permanent 
as the concrete itself. 

One of the most interesting features of a 
steel-frame building is the provision made to 
enable the structure to withstand the pressure 
of high winds. During squalls 
that sweep over Manhattan 
Island the wind attains a veloc- 
ity of 70 miles an hour, which means a pres- 
sure of about 30 Ibs. on every square foot of 
a surface which it strikes at right angles. A 
little simple arithmetic will show that the 
total wind thrust on a structure having a 
vertical area of several thousand square feet 


Corrosion 
Dangers. 


Wind- 
bracing. 






‘Figs: 47-56.—METHODS OF PROTECTING GIRDERS AND ROOF — 
MEMBERS AGAINST FIRE BY CONCRETE AND TERRA-COTTA BLOCKS. 
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must be enormous when a gale is raging ; and 
as the architect is prevented by the presence 
of many window openings from using diagonal 
ties such as could be incorporated into, say, a 
bridge, the problem of stiffening a building is 
no easy one to solve. 

Nothing illustrates the efficiency of wind- 
bracing and the ingenuity of the architect 
better than the Flat-Iron Building, New 


York. This structure, 285 feet high, is: 


171 feet long, and tapers from a mere 86 
feet of depth at one end to a knife edge at 
the other—‘ the sharpest thing any architect 
. ver perpetrated,” as an American said. The 
isolated position of the ‘ Flat-Iron”’ and its 
disproportionately small depth required the 
amplest wind-bracing. Figs. 57 and 58 will 
explain “how it was done,” with the aid of 
deep plate girders arranged horizontally and 
strutwise. 





Figs. 57 anp 58.—WwIND-BRACING IN THR 
‘“‘FLAT-IRON” BUILDING, NEW YORK. 


Another system is that employed for the Old 


Colony Building, Chicago. Here sets of portal 
arches (Fig. 59) were built between and riveted 


securely to the main columns on 
The Singer 


every floor. The wind-bracing 
Tower of the tower of the Metropol 
Bracing. °F the tower of the pol- 


itan Life Assurance Building 
is shown in Fig. 61; that of the Land Title 
Building in Fig. 62. The Singer Tower, 65 


feet square in plan, is stiffened = ry fery. ro 
genious method. Each side is divided into 
five vertical panels, 
Of these, the cen- 
tral three were kept 
quite free of bracing, 
in order to obtain a 
maximum of win- 
dow space; and it 
was decided to con- 
sider the structure 
as being built up of : 
four square corner 
towers and a cen- 
tral tower forming 
the elevator well, 
all stiffened by 
bracing running 
continuously 
through each wall 
of each tower from 
top. to bottom. In 
this manner was 
provided on each 
face of the tower a 
vertical open space 
36 feet across. This system has proved to be 
very efficient. 

We may now turn from general features 
to a few structural details of various build- 
ings which deserve special attention, as illus- 
trating what one may call the 
versatility of steel-frame con- 
struction. 

It will be understood that, under ordinary 
conditions, the pier supporting a column must 
approach nearer to the boundary of the build- 
ing site than does the column itself. In the 
case of the Land Title Building, Philadelphia, 
the architect wished to bring one set of columns 
right up to the boundary, and effected his 
purpose in the manner illustrated by Fig. 60. 





ote gg Se gee See pe 
° te . 
jf I eal 


Fig. 59.—SECTION OF THE 
OLD COLONY BUILDING, 
SHOWING PORTAL ARCH 
WIND-BRAOCING. 


Other Details 
of Interest. 


_The'columns were supported by overhanging 


cantilever girders, and balanced by s second 
set of columns in such a way as to throw the 
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wreight on to the pier. One face of the edifice the walls of the 
thus actually has an air space below it like an four stories im- 
overhanging story of an old English house. mediately over 

: . the ballroom (as 
shown in Fig. 64) 
sustain twelve 
stories of bed- 
rooms, which, 
with their furni- 
ture and occu- 
pants, give «6 
total load of over 
1,000 tons. 





Fig. 61.—pD1IaGRAM oe 
i *33 


: OF STEEL FRAME erst toy 
Fig. 60.—CANTILEVER COLUMN SUPPORTS OF 


OF TOWER OF 
LAND TITLE BUILDING. 
METROPOLITAN 
oe LIFE BUILDING, 
In Great Britain we are accustomed to see SHOWING WIND- 
large steam engines and boilers installed on BRACING. 


massive foundations built on solid 
earth. So some interest attaches to 
Fig. 63, representing the 
70,000 horse-power gen- 
erating station of the 
New York Metropolitan 
Street Railway Company, where eighty- 
seven 800 horse-power boilers, auxiliary 
machinery, and bunkers containing 
1,000 tons of coal, are carried by a 
steel skeleton. The power station of the 
Manhattan Railway Company is a still 
more striking instance of the use of a 
skeleton frame to carry a heavy plant 
independently of floors and walls. In 
this case the load is sixty-seven 500 
horse-power boilers and 3,000 tons of 
coal—the last bunkered in the third 
story. 
The famous Waldorf-Astoria Hotel is 
notable for the manner 
"Stories. din which an absolutely 
clear space was provided 
for @ ballroom 100° feet long and 80 Fig. 62.—winp - BRACING 
feet wide. Two huge trusses built into o¥ LAND TITLE BUILDING. Dusan tee aues 


An Elevated 
Power 
Station. 
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Fig. 63.—METROPOLITAN POWER STATION, NEW 
YORK, WITH STEAM BOILERS AND BUNKERS ON 
FOUR SUSPENDED FLOORS. 


At the Brooklyn Academy an interior por- 
tion, 50 feet square and 22 feet high, can be 
demolished and reconstructed at pleasure in 

an amazingly short time. The 


C ee whole of the stage floor, and 
‘Giners: all the supporting columns, 


girders, and joists, may be re- 
moved and replaced without interfering with 
other parts of the structure. The same is the 
case with a floor 13 feet below the stage, so that 
an unobstructed pit 22 feet deep for various 
theatrical purposes is obtainable. (Fig. 65.) 
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Fig. 64.—GIANT TRUSS CARRYING TWELVE STORIES 
ABOVE BALLROOM IN WALDORF-ASTORIA HOTEL, 
NEW YORK, 
(1,408) 


2 eed 


ae 


= 


‘ENGINEERING WONDERS OF THE. WORLD, » 


A skeleton building possessing ssid hiteeat 
from the architectural as well as the :engiz- 
eering standpoint is the Buffalo Savings Bank 
(Figs. 66 and 67). The walls are self-supporting, 
while the domes and main floors are carried 
by steel columns which, with the connecting 
girders, form a central tower, where the. 
banking room, 65 feet high, occupies an area 
59 feet square, quite unobstructed by col- 
umns, and surrounded by a domed ceiling. 

During recent years a fashion has arisen of 
constructing exceedingly high towers above the 
main roof of buildings, which, 
even without these skyward ex- Rast 

: owers. 

tensions, would once have been 
considered remarkable for their great height. 
The Montgomery Ward Building, Chicago, com- 
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Fig. 65.—BROOKLYN ACADEMY OF MUSI10, SHOWING 
REMOVABLE COLUMNS AND GIRDERS. 


pleted in 1901, is an early instance of the 
“tower” (Fig. 71, p. 405). Three years later 
came the New York Times Building, 450 feet 


high, including five tower stories. This edi- 
fice is interesting in:several ways. Before 


anything in the way of building. could be done 
a huge pit had to be. made in the solid rock, 


-of which some 700,000 cubic feet were blasted 


and carted away for use in the Rapid Transit 
Subway and on a railway embankment beside 
the Hudson River. From the bottom of the 
pit rises the steel skeleton. 

The Manhattan Life Building is ssusthabls 
for an extension of the original edifice, which 
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Fig. 66.—SKELETON FRAME OF BUFFALO SAVINGS 


BANK. (GREEN AND WICKS, ARCHITECTS.) 

entailed moving one part of the structure 
bodily for a distance of 25 feet, and substi- 
tuting an elliptical for a circular tower and 
dome; and all this without in any way dis- 
turbing the hundreds of tenants occupying the 
building. So radical an alteration could not 
possibly have been made under similar con- 


ditions had the building been of any but the 


steel-cage type. 

We next come to the great Singer Building, 
which has attracted so much attention as pos- 
sessing the first extremely lofty tower, which 
rises 612 feet above the pave- 
ment. The actual dimensions 
_ of the tower are such that it 
might fairly be described as a high building 
rather than a tower, save that its unusual 
height gives an idea of slenderness which is in 
reality purely relative,’ The tower has been 
added to what were once two separate blocks 


of offices, the Singer and Bourne Buildings, of 
(1,408) 


The Singer 
Tower. 





eleven and fifteen stories aacae "The 
first was raised to the same height as the 
second by the addition of four stories, while 
the Bourne portion was extended laterally 
over an area of 100 by 52 feet. Then was 
added the tower, which includes forty-eight 
stories in all. The Singer Building as 
it stands to-day has a total floor area of 
nearly 94 acres, and can accommodate enough 
people to populate a fair-sized town. It con- 
tains in the basement a battery of steam, 
boilers of 2,000 horse-power capacity, electric 
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Fig. 67.—BUFFALO SAVINGS BANK COMPLETE. 


generators, pumping engines, ventilating fans, 
and a vacuum cleaning plant. The heating 
system includes radiators with more than two 
acres of heating surface, and the ventilating 
apparatus provides for the circulation of more 
than 13,000,000 cubic feet of air per hour. 
In each office are a telephone, a mail-chute, a 
filtered ice water plant, and a vacuum cleaner 
with which occupants can remove dust from 
hats or clothes. Everything is on a scale 
worthy of the—at present—second loftiest 
building in the world. 

The premier place is taken by the Metro- 
politan Life Assurance Building., Even before 
its recent enlargement, this Was one of the 
biggest structures of its kind. In 1906 it 
covered. an area of 425 by 200 feet, excepting 
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Vig. 68.—SINGER BUILDING TOWER DURING CONSTRUCTION. 
Ubserve diagonsl wind-bracing in corner panels. 


at the corner occupied 


by the Madison Square 
Church. Fig. 70 illus- 
trates the almost com- 
pleted building, whose 
moderate height of 
about 161 feet to the 


main roof, and purity — 


of architectural treat- 
ment, impart an ap- 
pearance of dignity, 
which is enhanced by 
the fine proportions 
of the newly-erected 
tower. With two 
floors below street 
level, the tower in- 
cludes forty - eight 
stories, and its total 
height above founda- 
tions — 715 feet — 
makes it the tallest 
structure in existence, 
the Eiffel Tower alone 
excepted. Apparently 
&® massive campanile 
of white marble, the 
tower is nothing more 
than a steel cage 
veneered by stone on 
a light backing of 
brick. At the twenty- 
fifth, twenty - sixth, 
and twenty - seventh 
floors one of the largest 
clocks yet made will be 
installed. This time- 
piece will have a dial 
25 feet in diameter, 
hands 12 feet long, 
and figures 4 feet 
high. At night it will 
be illuminated, and 
will then operate a 
powerful aro lamp 
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Fig. 69.- TOWER OF SINGER BUILDING COMPLETE. 


Metropolitan 


i 


situated 600 feet 
above ground. A red 
flash will indicate the 
quarter, two flashes 
the half-hour, three 
the ~ three - quarters, 
and a single white 
flash the hour. Just 
below the lantern will 
be hung a peal of 
bells weighing 7,000, 
3,000, 2,000, and 1,500 
Ibs. respectively, to 
chime the quarters 
and hours at rather 
more than double the 
height of any other 
peal. : 

The tower is so lofty 
that fully half its bulk 
rises above neighbour- 
ing twenty-story build- 
ings. The windows of 
the highest offices will 
be level with the 
summit of the Wash- 
ington Monument — 
526 feet, and will be 
flooded with sunlight 
long after dusk has 
darkened the streets 
below. To this alti- 
tude rises none of the 
city’s dust, and flies 
do not trouble dwellers 
in these lofty regions. 

The steel frame- 
work of the tower 
weighs over 8,000 
tons. The weight of 
the completed build- 
ing will total 38,022 
tons. Its floor space 
of 25 acres makes the 
__Build- 
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ing the largest single-office building in the 
world. 

Architects are not yet satisfied with their 
conquests. Buildings loftier than the Metro- 
politan are already in prospect, one of them 
the projected sixty-two story structure for 


















Tower 715 feet above 
foundations. 


Its steel framework 
alone weighs over 
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the Equitable Life Assurance Company. This 
is to have a height of 909 feet. Nor need 
the advance stop here, for 


even under the existing build- Loftier 
; . Structures 
ing regulations of New York, ta come. 


‘which limit the weight to 15 


tons per square foot of foundation, a 
height of 2,000 feet might be attained. 
If the laws were made less stringent— 


Fig. 70. as they might be quite reasonably— 
THE some hundreds of feet might be added. 
METROPOLITAN But a consideration of quite another 
LIFE ASSURANCE kind—that of transporting the large 
BUILDING, number of persons inhabiting a colossal 
NEW YORK. building such as could be built—will 


probably place a practical limit on 
height long before the theoretical limit 
is reached. 

In this connection we should say a 


8,000 tons. The few words about the modern “ express ” 
building hes 25 ~ lift which, equally with mild steel, is 
acres of floor 





responsible for the rapid 


growth of the  sky- - a 
crepe, poy mayne becaise: 


lifts of the type which 

is generally employed in London to- 
day would require from ten to fifteen 
minutes to make an ascent of the 
Metropolitan Tower, and would be quite 
worthless to the business man or 
woman. 

In a New York steel-frame building 
the elevator installation is as intricate 
and elaborate as a railway system. 
Like a railway, it includes “ express ” 
and local services. The express lifts do 
not stop until a lofty floor is reached 
—the fifteenth, twentieth, or the for- 
‘tieth, maybe. On these long “non- 
stop runs”’ they take full advantage of 
the 600 feet per minute speed limit 
allowed by law. Over every lift en- 
trance are two electric lamps, which 
illuminate the word “Up” or ‘“ Down,” 
to inform you of the direction in which 
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the lift is travelling. Its movements are 
indicated more precisely by a hand moving 


over @ dial. 


It is unfortunate that the London Building 


Act, 1894, and numerous provin- 
cial building codes based upon 
that Act, prevent architects and 
engineers from taking full advan- 
tage of steel as a structural 
material. Not that we are desir- 
ous to see the skyscraper in this 
country, as the conditions are not 
suitable for it; but the fact re- 
mains that, if proper scope were 
given to skeleton and cage con- 
struction, much expense might be 
saved without in any way de- 
tracting from the safety of large 
edifices. So long as the obsolete 
regulations mentioned above re- 
main in force, every building 
within the scope of their juris- 
diction must have walls of the 
standard thickness, however 
effectively they may be reinforced 
by steel; and even if the walls 
were of solid steel, they would 
have to bo just as massive as 





if built of common brickwork. Briefly, the 
standard is dimension instead of strength. 


In the United States the height of modern 
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buildings has caused a wonderful trans- 


formation in the appearance of 
New York, Chicago, and various 
other great cities. From New 
York harbour the spectacle pre- 
sented by the irregular mass of 
giant structures is striking, if not 
beautiful. It serves as an object 
lesson of the manner in which 
American engineers are always 
ready to attack ‘new problems 
without regard to conventional 
practice or time-honoured prece- 
dents. The problem in Chicago 
and New York particularly was 
to accommodate an enormous 
and ever-increasing number of 
people on strictly limited areas, 
and it must be admitted that the 
successful nature of the solution 
found has given rise to a series 
of buildings which are justly 
entitled to be placed among 
the engineering wonders of the 
world. : 


Fig. 71.—MONIGOMERY WARD BUILDING TOWER. 


THE 
STORY OF CLEOPATRA’S NEEDLE. 


How a Huge Stone was transported from Egypt to the Banks of the Thames. 


i Mi Le IM ¢ SH Ks me a we eis 
pou vars Re te ig ‘, 
' Ki ee “A pet it ait Ree 


4 t 
A i aes Pate dtl oe 


ae 

1 ith ¥, " 
ae Sas an "fade : 
hat ‘a 

Neat ” Pap ae . 
ee . 


HE ancients were, as we noticed in our 
opening chapter, remarkably skilful in ae poe 
the handling of colossal stones. The eS a ae 

question has often been asked, “How would’. re 
modern engineers deal with such masses ?” Ree 
A partial answer at least will be given in the ne eg 
following account of the removal of the obelisk 
known as Cleopatra’s Needle from Egypt to the 
Embankment, thousands of miles away, which 
has been named after another famous queen— ; 
Vi ictoria. 

The stone, a mass of hard red granite, weighs 
186} tons, and is 68 feet 54 inches long. It was 
cut from the quarries of Syene (now Assouan), 
ini or about the year 1600 B.c., by the order of 
King Thothmes III., floated down stream 700 
miles, and erected at Heliopolis. 

In an interesting little book written by the 
late Rev. James King we have a description of 
how in these early times the task of cutting 
out and removing this column was effected 
by the ancient 
Egyptians. He 
tells us that in 
an old quarry at 
Syene there is to |wkeeut 
be seen an obelisk (a? x gs 
upon which work- mies 
men were busy, 
when, for some 
unknown reason, 
they were obliged 
to leave it only 
partially cut out. 
From this it ap- 
pears that when 
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THE NEEDLE ON 
THE THAMES 
EMBANKMENT. 


THE STORY OF CLEOPATRA’S NEEDLE. 


the quarrymen wished to abstract a huge mass, 
such as the Needle would be, they marked out 
the form by cutting a deep groove, in which at 
intervals they made oblong holes. Into these 
holes they firmly wedged blocks of timber, 
and then they filled the grooves with water. 
The wood in time swelled, and its enormous 
expansive power cracked the granite along the 


23 


Needles, though in reality Cleopatra had no 
connection whatever with their history. It is 
supposed, however, that she helped to design 
the building which these obelisks adorned. For 
upwards of fifteen centuries the Needles stood 
here, long after the grand building of the 
Cesars had fallen in ruins. Gradually the 
sea advanced to the base of the stone in which 





CLEOPATRA'S NEEDLE AT ALEXANDRIA LYING ON ITS FACE AS IT FELL. 


outline from wedge to wedge. The detached 
mass was then pushed down to the water’s 
edge by means of rollers made from palm 
trees. Here a raft was built around it. When 
the Nile overflowed its banks this raft and its 
burden floated, and in this way it was con- 
veyed to its destined site. 

At Heliopolis the Needle remained with its 
companion column—for there were two—for 
over fifteen centuries. About 23 B.c. Augus- 
tus Cesar ordered the removal of both to 
Alexandria, and khe Needle made another 
journey. In Alexandria was a gorgeous pal- 
ace of the Cresars, before which the obelisks 
were get up. They were called Cleopatra’s 


we are more especially interested, and by its 
ever-advancing and receding waters the foun- 
dations of the Needle became so weakened 


that three hundred years ago it fell prostrate, 


unbroken and unharmed. { 

So much for the history of the Needle. The 
stone was acquired for this country by Sir 
Ralph Abercromby in 1801, after his soldiers 
had defeated the French with- 


in sight of the fallen monu- Acquired 
British soldi for Great 
ment. The British soldiers even Britain. 


then made gallant efforts to 

bring the monolith home. They commenced 
to erect a pier seawards, meaning to transport 
the Needle to the end of it, and then place it 


14 ENGINEERING WONDERS 





PRISING UP THE NEEDLE WITH HYDRAULIC JACKS TO 
GIVE SPACE FOR BUILDING THE CASING ROUND IT. 
on a vessel and con-... . .. 
vey it to this coun- , 
try. When this pier 
was about half com- 
pleted it was washed 
away in a storm, and, 
the soldiers being 
called home the 
Needle was left where 
it lay. Some years 
later Mehemet Ali, 
‘the first Viceroy of 
Egypt, offered it to 
George IV., who po- 
litely refused it. His 
successor, William IV., also 
declined to accept it, and it 
was not until the English 
people took up the maitter, 
and Professor Erasmus Wilson 

generously offered to pay 
sum of £10,000 the moment 
the Needle was erected in 
London, that definite efforts 
were made to transport the 
obelisk to London. 

Tho late Mr. John Dixon, a 
civil engineer, undertook the 
task, He was ably assisted 
by the late Mr. (afterwards 
Sir) Benjamin Baker. In July 
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ERECTING THE FRAMEWORK ROUND THE OBELISK. 


OF THE WORLD. 


1877 workmen removed the sand about the 
fallen stone, and, to the delight of those most 
interested, the Needle was 
found to be in an excellent 
state of preservation. ‘Next 
came the arduous business of removing it, 
something more being necessary than a raft, 
as of old, for the long sea voyage which lay 
before it. A long article might be written 
on the different methods and numerous 
plans suggested. After careful consideration, 
it was decided that the simplest transpor- 
tation method was to surround the Needle 
with a casing so constructed as to form a 
oe er ee we) seagoing craft of it- 

' self. Here many diffi- 
culties had to be 
reckoned with and 
arranged for in ad- 
vance. First, there 
was the difficulty 
of launching the 
monument when en- 
cased, as it was clear 
that it could not be 
slid into the water in 
the usual way. Sec- 
ond,the bay by which 
the obelisk lay was 


Its Trans- 
portation. 
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PUTTING ON THE CASING. 


THE STORY OF CLEOPATRA’S NEEDLE. 85 


unsafe for ships to anchor in, 
being exposed to severe gales 
and containing many shoals. ° 

The Needle was first raised 
several feet above the ground, 
and the smaller 
end swung 
round parallel 
to the sea.. The work of en- 
casing it was then begun. The 
casing was in effect the frame- 
work and skin of a hollow 
vessel, 96 feet long and 15 
feet in diameter, with pointed 
ends. It was built at the 
Thames Ironworks, sent out to 
Egypt in pieces, and _ reas- 
sembled round the obelisk by 
native workmen under the supervision of Mr. 
Waynman Dixon, the head engineer’s brother. 
Huge plates were riveted in place round the 
monument, and the inside was packed with 
elastic timber cushions to preserve the stone 
while being rolled into the water, and to 
counteract any longitudinal deflection of the 
vessel by the waves. Next came the water- 


Encasing 
the Obelisk. 





THE NEEDLE LAUNOHED. 





| 
AT THE BRINK. 


Observe the two wooden laggings to protect the casing from injury 


by the launching ways. 


tight casing, consisting of plates # inch and 
re inch in thickness. The cylinder boasted 
eight water-tight compartments, so designed 
that in the event of accident to any one por- 
tion of the shell the vessel might still retain 
a, buoyancy sufficient to prevent it from going 
to the bottom while traversing the ocean. 
For the purpose of getting it into the water 
two wheel-like rings, each 16} 
feet in diameter, were tempor- 
arily built near the ends, and 
planks were laid down over 
which they should roll to the 
water. | 

This strange cylindrical ship 
for a unique cargo was appro- 
priately named the Cleopatra. 
The launching 
was fixed for 
August 28,1877. 
A large crowd gathered to 
watch this event, but the Cleo- 
paira was not afloat until ten 
days later. Some half-dozen 
screw-jacks were ranged along 
the cylinder to start it down 
the incline, and a couple of 


Difficulties in 
Launching. 
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THE NEEDLE CASING DECKED AND READY FOR THE VOYAGE 


TO ENGLAND. 


tugs were moored in the bay to pull on the 
wire hawsers wound five times round the 
cylinder at each end. The screw-jacks were 
manned, and the ship moved slowly but 
‘surely, making in the course of the day two 
attempts to run off to sea, amidst the 
cheers of the onlookers, but stopping each 
time after the hawsers had unwound about 
@ quarter of a turn, so that at sunset 
the cylinder had advanced into but three 
feet of water. On the morning of the 
second day the jacks were set to work again, 
and with the help of the tugs the cylinder 
took a fine roll into about seven feet of water, 
and then, to the disappointment of all, again 
came to a standstill. The tugs were backed 
again and again to get a good pull, until the 
towing tackle, one of the more powerful wire 
hawsers excepted, had given way. 

It was then discovered that the cylinder 
was full of water. At first it was thought 
that the manhole covers, pointing downwards, 
had been torn off by the jerks on the hawsers. 
An examination showed, however, that a 





large and hard stone had cut 
through the iron skin for- 
ward of the 


end bulkhead, | The , 
Ae ae. ahs Cleopatra 
aia breached. 


doors of the 

different compartments had 
been left open, the vessel 
had consequently filled with 
.water. Three days were 
spent in endeavouring to 
pump the vessel dry. This 
proving impossible, a timber 
crib about nine feet square, 
filed with old rails and 
stones, was hauled forward 
against the cylinder, and, by 
means of a couple of hy- 
draulic jacks working on the 
top of 

was once more rolled sea- 
wards. As soon as the bottom plates came to 
the surface a patch was riveted over the hole 
made by the stone, and the vessel emptied 
and towed by the tugs into dock at Alex- 
andria. 

There a cabin-house and rail were now 
fixed on top of the cylindrical body; two 
bilge keels, 40 feet long, riveted one on either 
side ; a mast and rudder placed 
in position; and twenty tons 
of iron ballast put into the 
vessel, The Cleopatra, manned by a crew of 
five Maltese under an English captain, set sail 
on September 21, 1877, from Alexandria in 
tow of the steamer Olga. It was decided 
to travel at not more than five or six knots. 
For the first twenty days all went prosper- 
ously and uneventfully, but on the morning 
of Sunday, October 14, by which time the 
craft had reached the Bay of Biscay, a squall 
arose, and towards noon developed into a 
gale. The Cleopatra stood the gale well, how- 
ever, tot shipping enough water to do her 
any serious harm—until about six o’clock in 


The Voyage — 
commences. 


THE STORY OF CLEOPATRA’S NEEDLE. 


the evening ‘of the same day, when a big sea 
caught her, turning her completely on her 
beam ends and carrying away her mast. A 
desperate effort was made to 
right her, but without success. 
A small boat was lowered, also 
to no purpose. So the cap- 
tain of the Olga, seeing the danger all were in, 
thought it advisable 
to disconnect the two 
vessels and turn the 
cylinder adrift. A 
little later, the wind 
having fallen, the 
Cleopatra signalled 
for assistance. Not 
believing it possible 
for a boat to live in 
such a sea, the cap- 
tain replied that help 
could not then be 
sent. The second 
officer, however, de- 
clared that he was 
willing to go, and 
asked for  volun- 
teers. Accompanied 
by five able-bodied 
men, he put off to 
the Cleopatra’s as- 
sistance in a boat, 
which capsized be- 
fore it reached her. 
The six brave sailors 
were drowned. Some 
hours later a line 
‘was thrown from the Olga over the Cleo- 
patra, and her crew were transferred safely 
to the towing craft. Next morning, as there 
was no sign of the Needle, the captain set sail 
for Falmouth. 

When the news reached England, the Needle 
was regarded as lost forever. Mr. Dixon con- 
tended that it would be found again if it were 
not destroyed by contact with rocks. Sixty 


The 
‘‘ Cleopatra ”’ 
Cast Adrift. 





THE NEEDLE RAISED TO FULL HEIGHT ON 
THAMES EMBANKMENT, READY TO BE SWUNG INTO 
A VERTICAL POSITION. 

(Photo, The London Stereoscopte Company.) 
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days later a telegram came to hand, reporting 
that the steamer Fitzmaurice, bound for Va- 
lencia from Middlesbrough, had 
found and captured the obe- 
lisk some seventy miles north 
of Ferrol, and had towed it into Vigo in Spain. 
It remained in that harbour for about three 
months. For this salvage work the owners 
of the Fitzmaurice 
were awarded £2,000. 
From Vigo the obe- 
lisk was towed to 
London by the 
steamer Anglia, ar- 
riving in the Thames 
on January 2, 1878. 

After the disap- 
pointment experi- 
enced in the launch- 
ing and towing of 
the craft, the engi- 
neers decided to take 
no risks about the 
final erection of the 
monument. No 
chains or tackle were 
to be used, and there 
was to be no varying 
strain put upon the 
stone. The Cleopatra 
was brought along- 
side the Embank- 
ment, her stern 
touching the Adel- 
phi steps ; grounded, 
after a high tide, 
upon a cradle of solid blocks of timber prepared 
for her reception; and sunk to the bed of 
the river by an adequate 
quantity of old iron rails. 
The cabin was cut off and the 
cylindrical vessel turned a quarter panel 
so as to bring the best face of the engraved 
obelisk towards the Embankment roadway. 
The plates were then cut away, and the stone 


Lost and 
Found. 
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waa lifted by hydraulic jacks and slid forward 
by serew traversers until it rested horizontally 
upon timber blocking with ite centre of gravity 
over the centre of the prepared pedestal some 
50 feet up in the air. Under each end was ar- 
ranged a hydraulic ’jack, which raised the ends 
alternately and allowed more blocks to be in- 
troduced. When the obelisk had been raised 
some 50 feet into the air a pair of metal trun- 
nions were strapped to it at the centre of 
gravity. These trunnions rested in bearings 
at the top of a couple of tall frames. The 
workmen then removed the blocking piece by 
piece, and the stone was finally turned into a 
vertical position by the aid of ropes attached 
to its ends, amid the cheers of a large crowd 
of people, and lowered on to the base pre- 
pared for it, at three o’clock in the afternoon 
of September 12, 1878. 

As the reader is probably unaware of the 
fact that, for the sake of a distant posterity— 
which may be as interested in things relating 
to the present day as we are in those of 
ancient Egypt—a large number of articles were 
placed inside the pedestal in two jars, we give 
a“list of the items of the very miscellaneous 
selection made for the purpose :—A standard 
foot and pound ; a bronze model of the obe- 
lisk, one-half inch to the foot; a memorial 
printed on vellum, giving a brief account of 
the removal of the obelisk, with plans of vari- 
ous arrangements; jars of Doulton ware; a 
piece of the obelisk stone chipped off during 
the levelling of the base; a complete set of 
British coinage, including an Empress of India 
rupee ; a parchment copy of Dr. Birch’s trans- 
lation of the obelisk hieroglyphics ; a standard 
gauge to one-thousandth part of an inch; 
portrait of Queen Victoria; Bibles in several 
languages ; the Hebrew Pentateuch ; the Arabic 
Genesis and a translation into 215 languages of 
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the sixteenth verse of the third chapter of St. 
John’s Gospel; a Bradshaw's railway guide ; 
a Mappin’s shilling razor; one case of cigars, 
pipes, etc. ; a box of hair-pins ; sundry articles 
of female adornment; a feeding-bottle and 
children’s toys; a model of one of the Tangye 
hydraulic jacks used in raising the obelisk ; 
wire ropes and specimens of marine cables ; 
a map of London; copies of daily and illus- 
trated papers, photographs of a dozen pretty 
English women; a two-foot rule; a London 
Directory ; and a copy of Whitaker’s Alma- 
nack, The bronze Sphinxes which lie on either 
side of the Needle, and form so suitable an 
accompaniment to the obelisk, were modelled 
by Mr. C. H. Mabey, the well-known sculptor, 
who also designed the support for the Needle, 
It is interesting to notice that they are sup- 
posed to be the largest bronze castings ever 
made, 

The transport of Cleopatra’s Needle across 
the open sea, though a great engineering feat, 
is by no means unique. The Romans many 
centuries ago built huge vessels to carry obe- 
lisks from the Nile to their capital city. In 
1832 the French naval constructor Le Bas 
moved an obelisk from Egypt to Paris in a 
sailing barge built specially for the purpose 
at Toulon. Nor must we forget that our 
Needle’s fellow was taken to New York in 
1880 on an ordinary steamer, on which it was 
embarked through a hole cut in the bows. 
The New York stone had to be dragged sev- 
eral miles overland on iron balls and rollers 
to the site of erection, where it was up-ended 
in @ manner similar to that described above. 
The French reared their obelisk by the small 
end, one edge of the base acting as pivot. 
A large frame derrick was employed to 
transmit the oblique pull necessary to raise 
the mass. 


Most of the photographs illustrating thie article were kindly provided 
by Mr. George Dizon, the eon of one of the engineers 
who moved and erecied the Needle, 
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BY ALBERT G. HOOD, 
Editor of “The Shipbuilder.” 


wheel has been entirely replaced in 
the steamship by the screw propeller 
set at the stern. The side paddle-wheel was 
soon found to be unsuitable for cargo steamers, 
the freeboard of which varies constantly with 
the nature and quantity of the 
cargo carried. Thus, when the 
ship was steaming light the 
paddles were too far out of the water, and 
when loaded they were too deeply immersed. 
In the warship, the paddle wheels and boxes 
presented an easy target for the enemy’s gun 
fire. The heavy rolling of a ship in a seaway 
also threw a great strain on the paddles, as 
each paddle was in turn lifted clear of the 
water while the one on the opposite side of 
the vessel was buried in the waves. Again, 
the cumbrous paddle-boxes greatly impeded 
the ship when forcing her way against a head 
wind. On the other hand, the screw propeller, 
completely immersed at the after end of the 
ship, largely overcame these difficulties, and 
the side paddle-wheel is now used for river 
work only, or for short sea passages ; and even 
for the latter purpose it is now being largely 
replaced by the turbine-driven screw propeller. 
As the size and speed of steamers have in- 
creased, the single screw has been superseded 
to a large extent by twin screws driven by 
separate engines ; and these in turn, with the 
advent of the marine, steam-turbine, have 
given place to triple or quadruple screws. 
One of the greatest factors in the develop- 


¢ . 
F OR long sea voyages the side paddle- 


Paddle v. 
Screw. 


ment of the steamship has been the rapid in- 
crease in working steam pressure. This has 
been rendered possible by the 

great improvements effected in _ Working 

; Pressure of 

machinery, workmanship, and 

material. In the boilers of the 
earliest steamers the working 
pressure was only about 35 Ibs. per square 
inch, or even less. The cylindrical multi- 
tubular boilers of the present day, commonly 





THE ENGINES OF THE “‘ DEUTSCHLAND.” 


alluded to as “Scotch” boilers, have a 
working pressure up to about 210 or 220 lbs. 
per square inch, while in the various types 
of water-tube boilers the pressure is fre- 
quently from 250 to 300 lbs. Both cylin- 
drical and water-tube boilers are described 
and illustrated later. 

Increased working pressure has greatly aug- 
mented the economy of the marine engine, 
owing to the greater range of steam éxpansion 
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ig. 1. —SECTIONAL DIAGRAM SHOWING PROPELLING 

2 THE “CHARLOTTE DUNDAS” 

(1801). ENGINES BY WILLIAM SYMINGTON. 
(Rischgitz Collection.) ' 

associated with the higher pressure. Thus, in 
‘the earliest marine engines, with their low 
working pressure, a single cylinder sufficed for 
the small range of steam expansion ; so, after 
passing through this cylinder, the steam was 
taken direct to the condenser. With higher 


working pressures, however, the acanad range 
of expansion led to the use of two cylinders 
in the compound engines fitted in the larger 
vessels built about thirty years ago.. In the 
compound engine, the steam, after performing 
its work in the first, or high-pressure, cylinder, 
passes into a second and larger cylinder, known 
as the low-pressure, before exhausting into the 
condenser. Some twenty years ago the work-. 
ing pressure had so far increased that three 
stages in the steam expansion became desir- 
able ; hence the triple-expansion engine, with 
three cylinders of increasing size, known re- 
spectively as the high-pressure, intermediate, 
and low-pressure, was introduced. Still more 
recently, the quadruple-expansion engine, an 
illustration of which we give later, has been 
adopted largely for high-powered steamships. 
The compound engine usually takes steam 
from the boiler at about 80 lbs. pressure per 





Fig. 2.—rne “ TURBINIA,” THE FIRST TURBINE VESSEL; BESIDE THE GIGANTIO TURBINE-DRIVEN 
OUNARDER “ MAURETANIA.” 


THE PROPELLING MACHINERY OF A SHIP. 
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Fig. 3.—DIAGRAMS OF SINGLE-ENDED SCOTOH BOILER, SHOWING GRATE G, COMBUSTION 
CHAMBER D, FIRE-TUBES E, FUNNEL F, AND VALVE 8d. 
In the right-hand diagram (end view) the circles a, B, and c indicate the positions of the three furnaces. 


square inch, while the triple-expansion engine 
receives it at about 160 lbs, and the quad- 
ruple-expansion engine at about 200 lbs , or at 
an even higher pressaro. In addition to great 
economy in steam consumption, the quadruple 
engine, with its four cranks, offers a more per- 
fectly “‘ balanced” shaft than that given by 
either a two-crank or three-crank engine, and 
therefore the quadruple engine reduces vibra- 
tion to a minimum. Indeed, on the score of 
vibration, there is little or nothing to choose 
between the well-balanced quadruple engine 
and the marine steam-turbine. The arrange- 
ment of three or four cylinder machinery now 
universally adopted in screw steamers is to 
place the inverted cylinders, which are sup- 
ported by columns from the bedplate, in a 
line directly over the crank-shaft. 

And now let us offer a few comments on the 
types of marine boi’ >rs at present in use. The 
essential difference between the Scotch and 
the water-tube boiler is that while in the 
former the heated products of combustion pass 


through tubes surrounded by water on the 
outside, in the latter the operation is reversed, 
the water being inside and the 


fire outside the tubes. The _ Scotch v. 
chief advantages of the water- ‘Vatertube 
. Boilers. 


tube boiler are its lightness 

and the quickness with which it raises steam 
—qualities which have secured its almost uni- 
versal adoption in warships at the present 
day. On the other hand, it requires more 
attention and upkeep, and does not stand the 
wear and tear of continuous service so well 
as the ordinary cylindrical fire-tube or Scotch 
boiler, which still remains supreme in the mer- 
cantile marine. 

The principle of the Scotch boiler will be 
better understood by reference to Fig. 3. The 
boiler illustrated is single-ended—that is, fired 
from one end only, and it has 
three furnaces, A, B, and ©, in eee 
which the coal is burned. The ; 
ashes fall through the grate. a, whence they 
are readily removed as occasion requires. At 
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Yarrow and the Babcock and Wileox— 
were the most suitable for use in ‘Battle 
ships and cruisers. 

The Yarrow boiler is illustrated in 1 Fig. 4, 
The cylindrical steam and water chamber at 
the top of the boiler is connected by two series 
of inclined tubes, giving the heating surface, 
to two lower water chambers. 

In the case of the Babcock and Wilcox 
boiler, illustrated in Figs. 5 and 6, the straight 
sloping water-tubes connect sinuous water- 
boxes, which are in turn conneoted to a oylin- 
drical upper chamber half filled with water, the 
remaining space being occupied by the steam. 
The firing arrangements are clearly shown in 
the illustrations. Other types of water-tube 





Fig. 4.—a YARROW WATER-TUBE BOILER, CAPABLE 
OF DEVELOPING 1,500 H.pP. 


(Photo, Messrs. Yarrow and Company, Limited, London.) 
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the back of each furnace is fitted a combustion 
chamber, p. Here takes place the combus- 
tion of the gases given off by the burning fuel. 
From the combustion chamber the heated 
gases pass through the tubes 8, giving up 
heat to the surrounding water during their 
passage, and are then led through the smoke- 
box ¥ to the funnel. The upper portion of 
the boiler is filled by the steam, which is 
drawn off to the engine by the main stop- 
valve H. 

The first water-tube boiler to receive exten- 
sive application was the Belleville, which was 
introduced into the French navy in 1879, and 
came into more or less gen- 
eral use for British warships 
about 1893. Its introduction 
for the latter did not escape criticism, with 
the result that in 1900 a committee was ap- 
pointed to investigate the matter thoroughly,: 
and to decide upon the best type of boiler 
for naval purposes. After four years of 
careful research and study, the committee i te ; 
reported in favour of the water-tube boiler, ine me ae ee 
and stated that two types—namely, the (Photo, Mesere. Babcock and Wilcox, Limited.) 
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The Water- 
' tube Boiler. 


Fig. 5.—A BABCOOK AND WILCOX MARINE. TYPE 
WATER-TUBE BOILER, AS INSTALLED IN H.M. NAVY. 
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Fig 6-—BABCOCK AND WILCOX MARINE TYPE 
BOILER WITH CASINGS AND MOUNTINGS COMPLETE 
(Photo, Messrs Babcock and Wucox, Lumited ) 


boilers which have been installed in large 
warships are the Niclausse and Durr, while 
for torpedo-boat destroyers and small craft a 
number of varieties, due to Thornycroft, Nor- 
mand, Reed, White, and others, have been 
adopted. 

The rate of combustion of the fuel, and 
hence the power developed by a boiler, can 
be increased greatly by the adoption of forced 
draught, by means of which a 
better supply of air is brought 
to the furnaces than is possible 
with only the natural draught caused by the 
funnel. Forced draught is specially valuable 
in warships, as it permits the development of 
large power and high speed in case of emer- 
gency with the smaller size and weight of 


maphinery suitable for ordinary speed under 
(1,808) 


Forc 
Draught. 
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natural draught. The system adopted in the 
British navy is known as the “ closed-stoke- 
hold” system (Fig. 7). With this arrange- 
ment the stokeholds are made air-tight, and 
filled with slightly compressed air by means 
of fans. Another well-known system is that 
due to Mr James Howden of Glasgow, which 
has been very extensively adopted in the 
mercantile marine In this case the air supply 
from the fans is first heated by passing it 
over a series of tubes containing the waste 
gases on their way to the funnel. It then 
goes into a reservoir, from which the supply 
(under pressure) to the ashpit and over the 
fires is regulated. 

Since the quadruple-expansion engine repre- 
sents the latest word in the piston type of 
marine engine, we propose to deal with it 
somewhat fully Fig 8 is a 
front view of an up-to-date set 
of quadruple engines, erected 
in the shops of the North- 
Eastern Marine Engineering Company of 
Wallsend, ready to be fitted on board the 
steamer Royal Prince, of 5,647 tons. This en- 
gine takes steam at 220 Ibs. pressure from four 
boulers, and indicates about 3,500 horse-power. 
The following are the diameters of the four 
cylinders . high pressure, 244 inches , first inter- 
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Fig 7.—DIAGRAM SHOWING THE PRINCIPLE OF 
THE FORCED DRAUGHT IN STOKEHOLD. 


mediate, 35 inches; second intermediate, 51 
inches ; and low pressure, 74inches. The piston 
stroke of all four cylinders is 51 inches. Read- 
ing from right to left in our illustration, or from 
VoL. I. 


“34 ENGINEERING WONDERS OF THE WORLD. © 





Fig. 8.—A QUADRUPLE-EXPANSION PISTON TYPE MARINE ENGINE. 
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(Photo, W. Parry and Son.) 


' (For Explanation see Text.) 
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the forward. to the after end of the engine, 
the cylinders are in the following order: high 
pressure, A; low pressure, B; second interme- 
diate, o; and first intermediate, p. 

Now let us trace the course of the steam 
through the engine. It first passes from the 
boilers through the main stop-valve on the 

top of each boiler, through the 

main steam piping, and enters 
* the engine by the regulating- 
valve E. This valve, seen in the right-hand 
top corner of our illustration, is worked by the 
hand-wheel marked x, placed within conven- 


bf 


The Course 
_of the Steam 


ient reach of the engineer standing on the 
platform at the front of the engine, and it is 
by means of this hand-wheel that the admis- 
sion of steam to the engine is regulated. The 
steam passes through the regulating - valve 
inte the high-pressure steam-chest, c, and 
thence.into the high-pressure cylinder, 4a, by 
the top and bottom steam ports alternately. 

The steam having completed its work in the 
high-pressure cylinder, a, it exhausts by the 
pipe marked q to the first intermediate valve 
chest, 8, from which it passes to the first’ 
intermediate cylinder, p, where precisely the 


1 
nh 


ee seme alaiieh is repeated. After the steam 

has ‘performed its work in the first intermedi- 
“ate cylinder, it passes vid the second interme- 
_ diate valve chest, x, to the second intermediate 
oylinder, o, and thence vid the low-pressure 
‘valve chest, y, to the low-pressure cylinder, 3 
_ From the low-pressure cylinder, 3, the 
steam is exhausted down the eduction pipe, 
s, into the condenser, T, where, by being 
brought into contact with a 
number of tubes through which 
cold sea-water is circulating, 
the steam is condensed. A powerful air- 
pump, controlled by the levers marked v, 
draws the air and water from the condenser, 
thus creating a vacuum, so that the exhaust 
steam entering the condenser has not to 
overcome the atmospheric pressure. The air 
drawn from the condenser is permitted to 
escape, and the water is passed into the hot 
weli, whence the feed pumps force it back to 
the boilers, to be used again for the purpose of 
generating steam. 

For reversing the engine when the ship is 
required to go astern, a small steam engine 
is fitted at the back of the main engine, and 
the large wheel, marked v, is 
connected with this reversing 
engine. The toothed wheel w 
can be connected up with another small steam- 
engine for turning the main engine while in 
harbour, when that operation is necessary for 
overhauling, etc. 

The engines of modern paddle-wheel steamers 
are usually of the (1) ‘‘ beam engine ” type, (2) 
the “ oscillating,” or (3) the ‘diagonal ” or in- 
clined direct-acting type. The 
beam engine was the first ap- 
plied to marine work, since at 
the time when the steamship was in its infancy 
this particular form of steam engine had alone 
proved successful for land work. In the beam 
engine the piston-rod ‘crosshead is coupled to 
one end of a beam above—rocking on a central 


The 
Condenser. 


Reversing 
Engine, etc. 


Paddle 
Engines. 


_support—by means of links, and the motion 
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of the opposite end of the beam is transmitted 
to the crank by @ long connecting-rod. The 
beam engine, it is interesting to note,. is still 
used extensively in American river steamers, 
with but little departure from the design 
adopted in the very earliest: marine engines, | 
except that the parts formerly made of wood 
are now of steel. 

The oscillating engine is light and compact, 
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Fig. 9.—ENGINES OF THE ISLE OF MAN STEAM 

_ PACKET COMPANY'S PADDLE STEAMER “ EM- 
PRESS QUEEN,” 10,500 H.P. CYLINDERS 7 FEET 
STROKE BY 68, 68 AND 92 INCHES BORE. 


(By courtesy of the Fairfield Shipbuilding and Engineering 
Company, Limtted.) 


and specially suited for working at low steam 
pressures, the most successful engines of this 
type using a pressure not ex- 
ceeding 30 Ibs. per square inch. 
In the oscillating engine the 
connecting-rod is dispensed with altogether, 
the upper end of the piston-rod being fitted 
with an ordinary connecting-rod to enable it 
to work directly on the crank. The cylinder 
is usually placed vertically under the crank- 
shaft, and is carried on two trunnions near 
the middle of its length, so that it may 
rock or oscillate to and fro freely, and thus 
permit the piston and piston-rod. to follow 
the movement of the crank. This: principle 
reduces the distance between the cylinder and 


Oscillating. . 
. Engines. 
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the orank-shatt; an important. sciaalasretion 
‘where machinery space is limited. 

In the diagonal or inclined direct-acting type 
of engine the cylinders are placed diagonally 
at an angle to suit the height of the shaft, 


and the piston and connecting 
Diagonal 


rods are directly coupled to the 
ae crank-shaft. It will therefore 
be seen that this type of engine 


takes up a larger amount of space in a fore 
and aft direction than the oscillating engine. 
It is, however, a very convenient form when 
considerations of space are not important 
- factors in the design, and, being better adapted 
for working at higher steam pressures than 
the oscillating engine, it is used largely in 
modern paddle-wheel ships. 

It is no exaggeration to say that the advent 
of the marine steam turbine has, during the 
last ten or fifteen years, completely revolu- 
tionized fast ocean travel, and 


The Marine has had far - reaching effects 
Steam = on warship desi Amon 
Turbine. P oe 


the advantages offered by the 
turbine as compared with the triple-expansion 
piston engine for high-speed vessels are: (1) 
freedom from vibration ; (2) reduced cost of 
working, maintenance, and supervision; and 
(3) diminished space and weight required. 
The success of the new form of propulsion 
is in a very great measure due to the inven- 
tive genius and the unceasing labour of the 
Hon: Charles Algernon Parsons. Other types 
of turbine, notably the Curtis, Rateau, and 
Zoelly, have been, or are being, applied to 
marine propulsion; but of the total number 
of turbine-driven vessels so far constructed, 
by far the larger proportion are fitted with 
Parsons turbines. 

The Curtis turbine, the invention of Mr. 
Charles Gordon Curtis, is of the impulse type, 
with revolving wheels, each carrying two or 
more rows of blades. After the Parsons type, 
the Curtis turbine has been most largely 
adopted for marine work. The American pas- 
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senger steamer Creole, and ‘the ecout-oruiser 
Salem of the United States Navy, are. pro- 
pelled by this type -of turbine, ‘ 


as will also be the battleship Curtis, _ 
North Dakota, now under . Rates , 

; and Zoelly 
construction for the same Tyrbines. — 
Power. In the Japanese Navy : 


the Curtis turbine has been adopted for 
the battleship Aki and the armoured cruiser 
Iouki. The Rateau turbine is represented 
in several French and Russian destroyers 
and torpedo boats; while Zoelly turbines 
have been ordered for the new German 
cruiser Hrsatz Schwalbe, and for a_ tor- 
pedo-boat destroyer for the same navy. 

In 1894 a pioneer syndicate founded by 
Mr. Charles Parsons built the J'urbinta (see 
Fig. 2) to demonstrate the suitability of the 
turbine principle for marine 


propulsion. Prior to that date History of 
; the Parsons 

turbines had been employed yo iine Tur- 

largely for electric lighting, bine. 


and in this tiny vessel they 

were for the first time used to revolve pro- 
peller shafts. The T'urbinia, with her speed 
of 34 knots, proved herself the fastest 
steamer in the world, and those who wit- 
nessed her capabilities at the Naval Review 
at Spithead in 1897 will not soon forget the 
interest she created. The British Admiralty 
was not slow to see the advantages offered by 
the new means of propulsion, and an order 
was placed with the Parsons Company for 
the construction of turbine machinery for a 
torpedo-boat destroyer, followed shortly after- 
wards by another order for a second set. 
These two destroyers each attained a speed 
of 36 knots on trial. Cross-Channel boats, 
river steamers, ocean yachts, and pas- 
senger vessels of moderate dimensions fol- 
lowed, proving the suitability of the turbine 


- for high-speed merchant steamers. Then came 


the important experiments carried out with 
H.M.S. Amethyst fitted with turbines and 


similar third-class cruisers with piston engines, 
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which proved the superiority in-‘many respects 
’ of the turbine. On the Atlantic mail and pas- 
“ genger service the turbine was adopted first 
for the Allan liners Victorian and Virginian, 
and. afterwards in the Cunard Company’s in- 
“termediate vessel Carmania, and their express 
mail steamships Lusiiania and Mauretania, 
the two latter, with their enormous powers, 
representing the latest word in turbine pro- 
pulsion in the mercantile marine. All the 
warships now under construction for the Brit- 
ish Admiralty are being fitted with Parsons 
turbines, which have also been adopted by 
the Austrian, French, German, Italian, Japan- 
ese, and United States Navies. 

' The following description of the Parsons 
turbine, by the inventor himself, is perhaps 
the most lucid that can be given :—‘‘ It con- 
sists of a cylindrical case with 
numerous rings of inwardly- 
projecting blades. Within this 
cylinder, which is of variable 
internal diameter, is a shaft or spindle, and on 
this spindle are mounted blades, projecting 
outwardly, by means of which the shaft is 
rotated. The former are called fixed or guide 
blades, and the latter revolving or moving 
blades. The diameter of the spindle is less 
than the internal diameter of the cylinder, 


Principle of 
the Parsons 
Turbine. 
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ring of fixed guide blades, which deflects it s¢ 
that it strikes the adjoining ring of moving 
blades at such an angle that it exerts on them 
a rotary impulse. When the steam leaves 
these blades it has naturally been deflected. 
The second ring of fixed blades is therefore 
interposed, and these direct the steam on to 
the second ring of rotating blades. The same 
thing occurs with succeeding rings of guide 
and moving blades until the steam escapes at 
the exhaust passage.” (Fig. 10.) The spindle 
or rotor is directly coupled to a line of 
shafting, on the end of which is fitted a 
screw propeller, and as the rotor is caused 
to revolve rapidly the motion is communicated 
to the screw. 

Steam is admitted from the boilers first to 
the high-pressure turbine, and as it passes 
along between the blades it loses pressure 
and expands, necessitating an 
increase in the diameter of the 
cylinder or casing and in the 
size of the blades as the distance from the 
point of entry of the steam increases. From 
the high-pressure turbine the steam passes to 
the low-pressure turbines, which, of course, 
are larger in diameter than the high-pressure, 
and thence into the condenser. 

Most turbine-driven war and merchant ves- 


Expansion 
of Steam. 


A, Entrance port forsteam, p!, D®, pn’, 
Rotor drums of increasing diam- 
eter. mm, Blades attached to 
rotor, FF, Blades attached to 


casing. P', p§, p®, Balance pistons 
to counteract longitudinal thrust 
of rotor blades, s, Exhaust port, 
s, Shaft. o and 2, Portes leading 
to balance piston. 
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Fig. 10.—SECTION OF A PARSONS STEAM TURBINE) 


sels are fitted with three screws, each con- 
nected to a separate shaft, The usual arrange- 
ment of turbines in triple-screw merchant 
steamers is for the central shaft to be worked 
by the high-pressure turbine, while the two 


and thus an annular space is left between the 
two. This space is occupied by the blades, 
_and it is through these the steam flows. The 
steam enters the cylinder by means of an 
_ annular port at the forward end; it meets a 
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Fig. 11.—sEGMENT OF TURBINE BLADING READY FOR 
Fig. 12.—ooMPLETE RING OF 


FIXING TO ROTOR. 
BLADING FOR ROTOR. 


(Photos, The Wallsend Slipway and Engineering Company.) 


wing or outer shafts are each revolved by a 
low-pressure turbine. As the turbine cannot, 
on account of the arrange- 


Triple as ment of the blades, be re- — 
Pi Turbine Yd, special high-pressure 
Vessels. reversing turbines, for use 


when the vessel has to go - 


astern, are generally fitted on the shafts of 
the low-pressure ahead turbines. In the 
largest war vessels, such as the battleships 
of the Dreadnought type and the armoured 
cruisers of the Invinetble class, and in the 
Cunard express steamers usttania and 





Mauretania, an arrangement | of ‘oe’ 
screws was adopted. The machinery _ 
of the two last-named vessels consists 
of two high-pressure ahead turbines © - 
driving the wing shafts, and two low-- - 
pressure ahead turbines and two astern — 

_ turbines connected to the two centre 
shafts. Must ho oo. 

Since the turbine installations of the — 
Lusitania and Mauretania, each indi- | 
cating approximately 70,000 horse- 
power, divided about 
equally over the four 
screws, are by far the 
most powerful in the 
world, some further de- 
tails concerning them may with advan- 
tage be given. Figs. 11 and 12 show 
the method adopted for fitting the 
blades to the Mauretania’s turbine 
rotors. The blades were securely fixed 
by hand into slots prepared in the 

foundation ring by a special auto- 
matic tool, and formed into finished 
segments, the number of segments to 
form one complete ring being ten. 
Fig. 11 represents one segment ready 
for fitting to the rotor, while Fig. 12 
shows a complete ring of blading. The 
segments when complete were fixed in 
the annular grooves prepared for their 
reception in the rotor, and in this way 
a great many men could be employed on the 
numerous segments of blading, on the turbine 
casings, and on the rotors at the same time. 
The immense size of the turbine rotors of 
both vessels will be realized by reference to 
Fig. 14, which shows one of the eee 
rotors fully bladed. These ro- : 


‘‘Lusitania’s” . 

and ‘‘ Maure- 

tania’s"’ Tur- 
bines. 


tors were made of Whitworth _ Turbine 
fluid- compressed steel, and peso 


were machined out of solid 
ingots. The ingots used for the larger rotors 
each weighed 120 tons. 

The turbine casings, which were made of ; 


ce 
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dant iron, were. firmly fixed at. one end, but 
‘had to’ be left free to move in a longitudinal 
' @irection at the other end to provide for ex- 
‘pansion, the free end working between slipper 
Some of the large castings which 


guides. 





Fig. 13.—A ROTOR FOR A GIANT CUNARDER’S LOW- 
PRESSURE TURBINE BEING FINISHED IN LATHE. 


(Photo, Sir W. G. Armstrong, Whitworth, and Company.) 


formed the turbine casings weighed 38 
tons each. . 

Fig. 15 illustrates one set of the 
completed turbines in the erecting shop 
ready to be placed on board the 
vessel. The peripheral speed of the 
low-pressure turbine rotors when the 
ship is steaming at full speed is 
between 10,000 and 11,000 feet per 
minute ; and as the clearance between 
‘the guide blades of the casings and 
the revolving blades of the rotors is 
necessarily very fine, our readers will 
be able to form some idea of the ac- 
ouracy in adjustment required. The 
rotating mass in the engine-rcoms 
weighs about 600 tons, and this weight travels 
at about 200 revolutions per minute. The 


whole is under control and measurement to: 


. the fraction of an inch, and is balanced to an 

ounce. | 

_ And now a few words as to the plant re- 
quired for generating steam for this great 

turbine installation. There are in all twenty- 

three double-ended’ and two single-ended 

boilers in both the Lusitania and Mauretania, 
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working at a stesm pressure. of 198, Ibs. per. 
square inch, and giving a total heating sur- 
face of about 159,000 square | 
feet, or about 33 acres! Each The “ Maure- : 
of the double-ended boilers is eae a 
feat ers. 

about 17 feet 3 inches in diam- 

eter by 22 feet long, and contains eight fur- 
naces ; while the single-ended boilers are of the 
same diameter as the double-ended, but 12 feet’ 
long, and contain four furnaces, so that the 
total number of furnaces is 192. The boilers 
are arranged in four groups, the forward com- 
partment containing five double-ended and the 
two single-ended boilers, and the other three 
boiler-rooms each six double-ended. All the 
boilers of the M auretanta were arranged for. 
inspection in two rows in the builders’ yard: 
before being placed on board the vessel (Fig. 





Fig. 14.—LOW-PRESSURE TURBINE ROTOR FULLY » 
BLADED. 


16). Such an installation of boilers intended 
for one ship was never seen prior to the build- 
ing of the Mauretania and her sister vessel. 
The waste gases, etc., from the 192 furnaces. 
are led into four huge funnels, which have 
an elliptical cross section, and ._ om = 
measure 23 feet 7 inches by 16 ee 
feet 7 inches (or large enough -. 
for two locomotives of the usual’ type to 
pass each other inside),-end are carried up to 
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Fig. 15.—A COMPLETE SET OF TURBINES FUR THE “ MAURETANIA”’ READY FOR PLACING 
IN THE SHIP. 


(Photo, The Wallsend Slipway and Engineering Compuny.) 


a height of 153 feet above the base line of 
The photographs from which the 
illustrations of the Mauretania’s turbines and 
boilers have been prepared were taken at 
the works of the Wallsend Slipway and 
Engineering Company, the constructors of 
the machinery. 

We have stated that for high-speed vessels 
the turbine offers advantages over the piston 
engine, but when we come to low speeds the 

| position is reversed. The 


pep rUin turbine, it is claimed, has 
rine proved equal or superior in 
Turbine. economy to the piston engine 


for speeds.down to about 16 
knots; but for vessels below that speed it 
has, up to the present, been found desirable 
to adopt the piston engine on account of 
the greater economy offered. The question 


of the ‘most economical. method of driving 


slow vessels, however, has recently received 
the close study of engineers on the Tyne 
and Clyde and at Belfast, and the opinion 
is held in many quarters that the solution 
of the problem lies in a combination of piston 
engines and a turbine, the former to deal with 
the high-pressure part of the steam expansion 
and the latter with the low-pressure part. 
Mr. Parsons estimated that such a combina- 
tion would effect a saving of about 12 per 
cent. in coal, in the case of an intermediate 
liner of 15 knots speed, over quadruple-ex- 
pansion piston machinery, and with a reduced 
weight of propelling machinery; and in a 
large vessel of 10 to 12 knots speed a saving 
of 15 to 20 per cent. in coal consumption over 
the best triple-expansion piston engines. In 
some cases there would be an increase of 


capital cost, which, it was estimated, would 
be recovered in less than three years by the 


aot 
4 


THE PROPELLING MACHINERY OF A SHIP. 41 


Fig. 16.—THE “ MAURETANIA’S”’ BOILERS READY 


increased earning power of the vessel; but 
in the larger vessels there would be little or 
no increase in such cost. 

This combination of piston engines and tur- 
bine is now being put to practical test in the 
new cargo steamer Otaki, of 7,430 tons, which 

“ .,, left Messrs. Denny’s shipbuild- 
Pee erere ing yard in November 1908. 
This vessel is fitted with two sets of triple- 
expansion piston engines, driving twin screws 
fitted in’ the ordinary fashion; but between 
these two engines is installed a low-pressure 
turbine of very large size. The steam, after 
having done its work in the piston engines, 
instead of entering the condenser directly, is 
passed through the turbine, which drives 4 
centre screw, 80 that the vessel has in all three 
screws. The turbine revolves in one direction 
only, the turbine-driven screw being used 
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solely for propulsion ahead, and change-valves 
are fitted so that the steam may be passed 
from the piston engines either directly into 
the condenser or to the turbine. Hence, 
in manoeuvring, the vessel is to all intents 
and purposes an ordinary twin-screw ship. 
The Ofaki is virtually a sister ship to: the 
Orari, the boiler installation of both vessels 
being identical ; but the Orari has only two 
sets of piston engines. On the 
first-named vessel’s trials an 
average mean speed of 15°09 
knots was obtained, while the 
average speed of the Orart 
under similar conditions was 14°6 knots. The 
combination in the Ofaki therefore. showed 
greater efficiency, and it is anticipated that 
the improvement indicated on the trials will be 
‘maintained during the sea work of the veasel. 


Increased 
Speed result- 
ing from the 
Combination. 
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The combination of piston and turbine 
engines has also been adopted for Atlantic 


work in the new White Star- | 


The Triple- . Nominion liner Laurentic. This 
ite ds sib ‘vessel, which has a gross ton- 
ner ‘‘Lau- ; 
rentic.” "age of about 14,500, is pro- 
pelled by two sets of four- 
crank triple-éxpansion ‘“ balanced” engines 
driving two outer screws, and a low-pres- 
‘sure turbine driving the centre screw. The 
Megantic, a sister vessel, with the exception 
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less speed-——now under construction by Messrs. | 
Harland and Wolff. 7 

Any forecast as to the future development 
of marine propulsion must take into account 
the internal-combustion engine using either 
gas or oil fuel. The application of this engine 
for marine work has made great strides during 
the last few years in vessels of moderate 
size and power, and it would seem that its 
adoption in ships of large dimensions and 
high speed is only a question of time. 





Fig. 17.—MOTOR CARS PASSING THROUGH THE FUNNELS OF THE “‘ MAURETANIA.” 


that she will be fitted with twin-screw pro- 
pelling machinery of the piston type, has 
also been constructed at Belfast, so that 
soon & comparison of the efficiency of the 
two systems will be made under exactly 
similar conditions in Atlantic work. The sea 
performance of the Laurentic and Megantic will 
be watched closely by the shipping world, for 
it is known that the combination of piston and 
turbine machinery will also be adopted in 
the two great White Star liners—larger than 
the Lusitania and Mauretania, but of much 


The chief reasons why internal-combustion 
machinery commends itself are (1) the ab- 
sence of boilers, funnels, etc., 


and (2) the economy effected sidebar 
in fuel consumption. This poraniacedtgg 


form of machinery is able to 

convert the greatest percentage of heat 
units in the fuel used into mechanical 
work, and consequently it is not surprising 
that many experiments are being conducted, 
and that marine engineers generally are 
eagerly awaiting developments, One of the 
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‘chief difficulties to be overcome before the 


use of this prime mover will become general, — 


however, is the production of large cylin- 
ders which will stand the high impulses and 
great and rapid variations of temperature that 
occur with internal combustion. A large 
number of pleasure yachts and small vessels 
for conveying merchandise have been fitted 
with this propulsive agency, while its use as 
an auxiliary to sail power in large sailing 
vessels has been strongly advocated. Turning 
to warships, most of the submarines now in 
existence are fitted with internal-combustion 
engines, as are also a number of vedette boats ; 
while much useful data has recently been 
derived from the serics of experiments with 
H.M. gunboat Rattler, propelled by a 500 horse- 
power gas engine. 

The first vedette boat constructed in Eng- 
land to demonstrate the great 
possihjlities of the internal- 
combustion engine for driving 
small craft of this description 
was the motor torpedo launch Dragonfly, built 


Motor Tor- 
pedo Launch 
‘‘ Dragonfly.”’ 


by the celebrated Thornycroft firm. She is 
40 feet long, with a beam of 6 feet 2 inches, 
and has a draught of water of only 2 feet 7 
inches, the displacement being 44 tons. The 
four-cylinder motor develops about 120 B.H.P. 
at 900 revolutions, and the designed speed was 
18 knots. The boat, as will be seen from Fig. 
18, carries a 14-inch Whitehead torpedo in 
dropping gear. 

Other similar vessels with the same prime 
mover, but of larger dimensions and greater 
speed, have followed the Dragonfly, and 
there can be little doubt that the next few 
years will witness a widely-extended us¢ 
of internal-combustion machinery for the 
‘* mosquito ” craft of the world’s fighting fleets. 
Mr. James M‘Kechnie (of Messrs. Vickers, Sons, 
and Maxim) has already made a proposal to 
equip a battleship with this type of propelling 
machinery ; but it may safely be prophesied 
that the steam turbine, combined with oil fuel 
for the furnaces, will not be displaced in the 
larger class of war and merchant vessels for 
some years to come. 





Fig. 18.—rTHORNYOROFT MOTOR-DRIVEN TORPEDO LAUNOH ‘‘ DRAGONFLY.” 
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Scherzer Rolling Li/t Bridges 


A short account of a very modern and ingenious type of Bridge 
which has done much to solve the problem of carrying land traffic 


across inland waterways. 


N places where road and railway traffic 
demands facilities for passing from 
the one bank to the other of a river, 

which, on account of the many vessels 
. passing up and down it, must not be per- 
manently blocked by a low-level, immov- 
able bridge, the engineer has to choose one 
of three alternatives—the tunnel, the high- 
level bridge, or the bridge of which part can 
be swung out of the way to allow a ship to 
pass. 

In cases where the two first of these alter- 
natives are ruled out by financial considera- 
tions, recourse must be had to the movable 

bridge, of which there are two 


Swing main types—the swing bridge, 
Bridges: which revolves horizontally 
ivantages. through a quarter circle on 


a central support set either in 
mid-channel or on one bank ; and the bascule 
bridge, of one or two leaves, which can be 
raised into a more or less vertical position. 
The great disadvantages of the swing bridge 
may be summarized thus: that the central 
pier to support the movable portion forms a 


serious obstruction to mgavigation, dividing a 
waterway into two narrow channels, and 
rendering unusable the central and naturally 
most valuable part of the waterway. This 
greatly retards the movements of vedsels. If 
the channel be narrow, the centre pier must 
be placed on the shore, and in order to obtain 
a balance the bridge must be much longer 
than the cross-water distance to be spanned. 
Its erection is difficult, and interferes with 
traffic. The opening of it leaves an unpro- 
tected (except ‘by signals) chasm in the road- 
way; and this fact has been responsible for 
several very serious accidents. Finally, if the 
local traffic increases to such an extent as to 
require the multiplication of bridges, the large 
amount of space occupied by a swing bridge 
when opened is a handicap, as two swing 
bridges cannot be set nearer to each other 
than the distance necessary between their 
piers to allow both to be open at the same 
time. Consequently where these bridges are 
multiplied a great breadth of right-of-way 
on the river banks is needed. 

On the other hand, no obstructing mid- 
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275-¥OOT DOUBLE-LEAF SCHERZER BRIDGE ACROSS THE CHICAGO RIVER AT THE ENTRANCE TO 
'@RAND CENTRAL STATION, CHICAGO. OPEN AND CLOSED. 
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channel piers are necessary under any con- 
ditions for the support of s bascule bridge, 
which, moreover, does not 


The 
nie coURY more space laterally 
when open than it does when 


Bridge. : 
| shut. For this reason bascule 


bridges can be set very closely together, and 
their number increased easily as circumstances 
may demand. 

Thé best-known type of bascule bridge is 
that exemplified by the great pile rising a 
little to the east of the Tower of London, 

after which it is named. The 


The Tower Bridge, opened in 1894, 
Tower has two huge leaves or bas- 
Bridge. 8 


cules, each 160 feet long, and 
projecting, when down, 100 feet over the 
waterway from its trunnion. The’ avoirdu- 
pois of a leaf and its counter-weight of lead 
and iron is 1,200 tons. This is carried by a 
solid steel bar trunnion, 21 inches in diameter 
and 48 feet long, rotating on steel roller 
bearings. Despite the friction-reducing pro- 
perties of these last, considerable friction is 
unavoidable where so large a weight is thrown 
on to comparatively small surfaces. 

While the Tower Bridge was in course of 
construction the engineers of the Metropolitan 
West Side Elevated Railroad of Chicago had 

to solve a difficult bridge 

Necessity § problem—-how to carry four 

stimulates packs across the Chicago River 

Invention. 

between the Jackson Street 
and Van Buren Street swing bridges, which 
were so close together that it was impossible 
to build a third swing bridge between them. 
A bascule bridge of the Tower type was de- 
signed, but the plans were rejected by Mr. 
William Scherzer, C.E., whose opinion had 
been asked by the management, as including 
some objectionable features. Further investi- 
gation resulted in the evolution of an entirely 
new type of bridge, the Scherzer Rolling Lift 
Bridge. 
In this the fixed trunnion is abolished and 
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replaced by circular steel segments, forming 
part of the land end of the girder, which roll 
over flat surfaces as the runners of a rocking- 
chair move on an ordinary floor. - This prin- 
ciple practically eliminates friction. It should 
be observed also that as the bascule rises it 
moves bodily away’ from the water, instead 
of merely turning about a fixed centre, as is 
the case with a trunnioned bridge. 

The general form of a Scherzer bridge will 
be gathered from our illustrations. At 
the rear it is usually so weighted that the 
whole mass is in equilibrium 


when the bascule is opened to The 
inclination of forty-five Scherzer 
ee a Bridge. 


degrees with the horizontal. . 
To lower or open the bridge fully power must 
be applied to overcome the equilibrium. At 
first sight it may not be evident at what 
point the power may be applied conveniently 
to move the bridge without shifting it as a 
whole on its tracks. A little consideration 
will show, however, that the point in question 
is the centre of the circle of which a rolling 
segment is an arc, very near which lies the 
centre of gravity. 

This point being equidistant from the 
ground in whatever position the basoule may 
be, a direct pull or push may be transmitted 
to it by a rod drawn back- 
wards or forwards horizontally 
by machinery in the rear of 
the bridge; or electrically driven pinions set 
at the centres of the segments, may be made 
to claw their way along horizontal racks 
arranged on both sides of the ‘bridge (see 
p. 431). The method adopted and the power 
used—whether steam, electric, hydraulic, or 
gasoline engine—is influenced by local cir- 
cumstances. As a precaution against possible 
slip the segments are provided along their 
circumference with slots which engage wie 
teeth on the tracks. 

One of our illustrations shows 4 Scherzer 
bridge in course of construction. This pro- 


Opening 
the Bridge. 


SCHERZER. ROLLING LIFT BRIDGES. 
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160-FoOT SPAN SCHERZER BRIDGE AT CLEVELAND, , OHIO. 
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VIEW DURING CONSTRUCTION, 


Notice rack and. pinion gear for raising the bascule. 


cess does not block the channel at all, as the 
truss is erected in the upright position, and 
not lowered until complete and ready for use. 
Any desired number of contiguous railway 


tracks may be carried across a. navigable 
canal or river by the rolling lift type of bridge, 
by constructing single or double track bridges 
and placing them side by side, to be coupled 
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SIX-TRACK SCHERZER BRIDGE AT BOSTON, MASSACHUSETTS, FOR THE NEW YORK, HAVEN, 
AND HARTFORD RAILROAD COMPANY. _ 
220-FOOT RAILWAY BRIDGE ACROSS THE NGAWUN RIVER, NEAR RANGOON, BURMAH. 
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DOUBLE-TRACK SCHERZER BRIDGE AT OLEVELAND, OHIO. 
View shows old Swing Bridge over which traffic was maintained during the construction of the new Bridge. 


together when it is desired to operate them tion since 1907. When in its erect position 
as one bridge, or each bridge may be equipped _the leaf must be an imposing object, for it is 
so as to operate separately. 230 feet long, and would therefore overtop the 
The width of channel afforded by the Tower NelsonColumn by many feet if placed alongside. 
Bridge is 200 feet. The double-leaf Scherzer Because of the virtual elimination of friction: 
spanning the Chicago River at the entrance by means of large rollers moving on level 
to the Grand Central Station, tracks, and the possibility of counterbalancing 
ete Chicago, gives a 275-foot perfectly in all positions, the makers claim 
Bridges. channel. The longest single that it would be quite feasible to construct 
leaf span yet constructed is a Scherzer with spans equalling those of 
that across the Cuyahoga River at Cleveland, the Forth Bridge, were a movable span of 
Ohio, for the Baltimore and Ohio Railroad that length required, and that it could be 
Company. This has been in successful opera- made double-decked. : 


Nore.—The illustrations to this article were kindly supplied by 
the Scherzer Rolling Lift Bridge Company. 
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VIEW OF LINE IN MAU FOREST. 





THE UGANDA RAILWAY. 


BY HOWARD HENSMAN, 


Author of 
“4 HISTORY OF RHODESIA,” * CECIL RHODES: A STUDY OF A CAREER,” Et. 


HE first point that strikes one about 
the Uganda Railway is that it does 
not enter at any part the country 

after which it is named. The name that was 
originally suggested for the line was the Mom- 
basa-Victoria Railway, and this would have 
been a far more correct appellation. The 
route of the railway is from the port and 
island of Mombasa, on the north-east coast 
of Africa, almost due north-west to Port 
Florence, at the north-east corner of the great 
Victoria Nyanza—with the exception of the 
Caspian Sea and Lake Superior, the largest 
inland sheet of water in the world. 


The first direct suggestion for the creation 
of this line is contained in ‘‘ The General Act 
of the Brussels Conference,” dated July 2, 
1890. This Act was subscribed 


to by practically all the na- First 
tions of the civilized world, se nba 
and had for its principal object Line. 


the “provision of effective 

means for counteracting the slave trade in the 
interior of Africa.” The means by which the 
Powers hoped to bring about the suppression 
of this iniquitous traffic were primarily the 
construction of roads and railways connecting 
the advanced trading posts and settlements 
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with the coast, and so permitting easy access 
to the inland waters. The establishment of 
steamboats on the lakes, supported, where 
necessary, by fortified posts and the erection 
of telegraph lines to assure communication 
between the inland posts and stations and the 
coast and other centres of administration, was 
also suggested. 





mountable by skilled engineers, and that the 


cost, according to Sir Frederick Lugard, then 


the great authority upon this portion of the 
African continent, would not exceed two and 
a quarter millions sterling. 

The construction of the railway, even 
though it ultimately cost a greater sum than 
was originally regarded as sufficient, was. 
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MAP OF THE COUNTRY TRAVERSED BY THE RAILWAY. 


Prior to the calling of this international con- 
ference, Great Britain had proclaimed a Pro- 
tectorate over Uganda and the vast territory 
known to-day as British East Africa, and then 
under the control of the Imperial British East 
Africa Company. Shortly after this step was 
taken it was decided to build a line of railway 
from Mombasa through the interior to the 
Victoria Nyanza. In the words of the late 
Marquis of Salisbury, this line ‘ would repre- 
sent the contribution of this country towards 
the execution of its obligations under the 
Brussels Act.” In accordance with this deter- 
mination, preliminary surveys were undertaken 
almost immediately along the proposed route 
of the line. It was at that time believed that 
the country would offer no obstacles insur- 


warmly advocated: by, among other public 
men, the late Marquis of Salisbury, Lord 


Rosebery, the late Lord 
Goschen, Mr. J. Chamberlain, sap pae tae 
Lord Brassey, the present aren 


Speaker of the House of Com- 

mons (Mr. J. W. Lowther), and Sir Richard 
Temple, and was also generally supported by 
the commercial population of East Africa as 
likely to act as a great stimulus to trade. 

As has been the case with many other rail- 
ways in all parts of the world, the first esti- 
mate of the cost of the Uganda Railway was 
found to fall very much short of the mark, 
the ultimate expenditure being not much less 
than five and a quarter millions sterling. The 
line is owned, of course, by the Imperial 
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THE UGANDA 





MASAI, THROUGH WHOSE COUNTRY THE RAILWAY 


PASSES. 


Government, and % sangha ie eee , , 4 ts An 


the whole of the 
necessary capital 
was raised in ter- 
minable annuities 
bearing interest at 
the rate of 3 per 
cent. per annum. 
All these will be 
paid off by 1929— 
just twenty years 
hence. 


survey for the line 
having been com- 
pleted from end to end in 1892, and 
the necessary money for the first 
section provided by the House of 
Commons, the actual work of con- 
struction was commenced in De- 
cember 1895. The length of the line, 
it may here be mentioned, from 
Mombasa to Port Florence is 584 
miles, and there are thirty-nine 
stations, the principal being Mom- 
basa, Voi (103 miles from the coast), 
Makindu (209 miles), Nairobi (327 
miles), Naivasha (391 miles), Nakuro 
(449 miles), and Port Florence. 
Mombasa, the capital of the prov- 
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A POINT BETWEEN MUANI AND SULTAN HAMOUD. 





an = 
eae 
tn yo ae 


RAILWAY. 53 


ince of Seyidie, is an old but now greatly 
modernized town. As has been said, it 
is the starting-point of the line. The rail- 
way runs from the town 
for a distance of 133 miles !He Starting- 
through the province of ia 
Tsavo, reaching the mainland by a hand- 
some steel trestle bridge. This is named 
the Salisbury Bridge, after the deceased 
statesman, and was the first engineering 
feat of any magnitude to be undertaken 
in connection with the railway. It is 
supported by some twenty iron piers 
sunk deep in the bed of the arm of the 
Indian Ocean that 










nor Ee separates Mom- 
: a re a . ye ee ae 
tg 5, ope: basa from the 
Bn ; 
ea mainland. These 


piers tower up to 
a considerable 
height in order to 
carry the bridge so 
far above high- 
water mark as to 
offer no impedi- 
ment to the free 
navigation of a 
channel which is 
much used by 





THE SALISBURY BRIDGE CONNECTING THE ISLAND OF 


MOMBASA WITH THE MAINLAND. 
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coasting vessels. While the permanent bridge 
was in course of construction a temporary 
structure of wood was built to facilitate 
the transport of the necessary plant and 
equipment to railhead. The gauge of the line 
was fixed at one metre (3 feet 3°37 inches), 
after consultation with Lord Cromer, who after- 
wards overlooked the fact, and allowed the 
Sudan railway to be built on the South African 
gauge of 3 feet 6 inches. 

The first portion of the route is essentially 
tropical in its climate and vegetation, and is 
fairly well cultivated along the coast and for 
a short distance inland by the natives and a 
handful of European settlers. Then comes 
what may be described as a “‘ karroo”’ country, 
covered with scrub and stunted trees, and 
undulating and waterless. After a time this 
desert gradually merges into a fine, open, and 
somewhat hilly country. The line then enters 
the great province of Ukamba, some 21,500 
square miles in extent. This province con- 
sists for the greater part of rich pastoral and 
agricultural land, which is now becoming recog- 
nized at its real worth, and farms for the 
raising of stock and for almost every form of 
agriculture are being brought under cultiva- 
tion in all directions. Compared with other 
East African provinces, Ukamba is very well 
watered, with a fruitful soil and a regular rain- 


fall. All who have visited it declare it to be a 


real ‘land of promise.” The railway has been 
described as “‘ discovering ”’ this country, about 
which little was known before the rails arrived. 
The capital of the province of Ukamba is 
the rapidly-growing town of Nairobi, the head- 
quarters of the railway, and selected for the 
railway workshops as being in 
ree the nearest level plain to the 
middle distance of the system. Twelve years 
ago this town did not even exist, but is now 
a thriving place with close upon twenty thou- 
sand inhabitants, daily newspapers, telegraphs, 
telephones, and practically all the other amen- 
ities of modern civilization. Before very long 


OF THE WORLD. 


this town will probably be recognized officially 
as the capital of British East ‘Africa, as it 
is now in reality. The Uganda Railway Com- 
missioners have built here extensive work- 
shops, which give employment to a consider- 
able number of both whites and natives of 
India, and these are being added to from time 
to time as the increasing requirements of the 
line demand. 

Before Nairobi is reached the line crosses 
the level and almost waterless Athi Plains. 
Despite the lack of water along it, this section 
of the line proved to be one of the easiest to 
construct, since there was no bridging or cut- 
ting of any description to be done, or curves to 
negotiate, the rails being simply laid upon the 
flat surface of the land and ballasted. Reail- 


head reached Nairobi on May 30, 1899; and 


here a halt was called while plans for carrying 
the line forward into the interior were matured 
and the route finally chosen. 

Once Nairobi is left behind the line com- 
mences to climb towards the hills that have 
been described as constituting the real back- 
bone of the African continent. 
The scenery is extremely wild 
and rugged. In place of the 
open plains, with their dried-up water-courses 
that have just been crossed, the traveller finds 
rushing streams, necessitating heavy bridging 
and viaduct work, while there are awkward 
curves and twists to be dealt with. All the 
time, too, the line rises higher and higher. 
Dense forest flanks the track on either side. 
Some exciting encounters with lions took 
place hereabouts while the line was under 
construction. Some of these adventures will 
be dealt with a little later on. 

Even more serious than the attacks of wild 
beasts was the great scarcity of native labour 
that prevailed along this portion of the line. 
The natives dwelling in the neighbourhood of 
Nairobi displayed little or no inclination to 
take part in the building of the railway, and 
even those who did volunteer were, to employ 


Difficulties of 
Construction. 
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the language of those supervising them, “far 
more bother than they were worth.” The 
difficulty was overcome ultimately by the 
importation from India of large numbers of 
coolies, who proved to be good workers, cheap, 
and quite proof against the somewhat trying 
climate. A proportion of these coolies had 
always been employed, and the success of this 
experiment was so pronounced that from that 
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starts on a wind-swept island in the azure 
Indian Ocean, and terminates by the wooded 
‘shores of the largest lake in 


Africa. As it goes forward it pol maieg 
; ordina 
passes through jungle, swamp, Railway. 


and desert, up the sides of 

great mountains, and plunges ever and 
anon into the darkness of the primeval 
forest. During its course it meets with 





PLATELAYERS CAMP SHIFTING RAILHEAD. 


time onwards Indians were employed almost 
exclusively in the work of building the line, 
only very few of the East African natives 
being retained, and these to perform none 
but the easiest tasks. At the first only four 
thousand coolies were brought from India, but 
afterwards there were as many as twenty 
thousand at work at once. 

In many respects the Uganda Railway is one 
of the most extraordinary lines ever built, and 
one cannot déal with its construction without 
® ourious sense of fascination and admiration 
for the men who took the task in hand. It 


almost every variety of climate imaginable. 
At Mombasa the Swahili engine-driver hangs 
his red-fezzed head over the side of his 
blistered cab, gasping for a breath of fresh 
air. Later, when up around the settlement 
of Limoru in the frosty highlands, the same 
engine-driver is blowing with chattering teeth 
on his half-frozen fingers, and stamping his 
numbed feet to restore a little life to them. 
It was doubted at first if any but the tough 
Swahilis could drive the trains through the 
extraordinary changes of temperature that are 
encountered before Port Florence is finally 
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reached, but Europeans have since demon- 
strated their ability to perform the work. 

The section of the line that proved most 
interesting to construct—as certainly it was 
the most adventurous—was that immedi- 
ately west of Nairobi. It was here that most 
of the exciting experiences took place. The 
country along this 
portion of the 
route literally 
teems with big 
game of every 
description, espe- 
cially lions. The 
engineers in charge 
of the working- 
parties were kept 
constantly on the 
alert to prevent 
the helpless coolies 
being carried off 
by the fierce man- 
eating lions that 
prowled about by 
day and night seek- 
ing their human 
prey. 

At Tsavo, some 
130 miles from 
Mombasa, lions 
were first encoun- 
tered, and here 
was opened what 
proved to be a 
long - drawn - out 
war between railway builders and carnivorous 
beasts. Hardly a night passed without one or 
two coolies being carried from 
their tents and devoured in the 
scrub bush a short distance 
away. Even the usual precaution of carrying 
a lantern when moving about from one camp 
to another after dark proved no safeguard after 
a time, and so bold did the brutes become that 
they would spring on the men in broad day- 


INDIAN COOLIES AT WORK. 


Adventures 
with Lions. 
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light. On one occasion a local magistrate was 
in the construction camp inquiring into the 
circumstances under which some coolies had 
been killed and eaten by lions, when suddenly 
a huge lioness pounced upon him and knocked 
him down. She was successfully driven off 
by those who heard his cries, but she carried 
away in her power- 
ful jaws one of his 
native followers, 
whose mangled re- 
mains were found 
the next morning 
in the jungle about 
a hundred yards 
distant. 

A short time 
afterwards an In- 
dian paticnt in one 
of the hospital 
camps was careless 
enough to leave 
his legs projecting 
from his tent one 
very hot night. 
He paid dearly for 
his rashness. A 
lion seized him 
by the icot and 
dragged him out 
and through a 
stout wooden 
stockade that had 
been erectcd round 
the camp in the 
hope of keeping the animals away. After 
many other similarly tragic experiences, the 
engineers in charge were compelled to re- 
move their camp some thirty miles away from 
the line to a district where, for some reason 
or another, lions were but rarely seen. This 
step was rendered necessary by the natives 
being so completely panic-stricken at night 
that they could scarcely be induced to com- 
mence their work in the morning. Their appe- 
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tites whetted by the blood they had tasted, 
the lions would stalk the working-parties with 
all the skill that an experienced hunter shows 
in tracking game. The men had often to run 
for their lives as the brutos bounded after 
them, growling and snarling at their heels. 
Once a passing train had to stop to rescue 
a gang of labourers which had been forced 
hurriedly to climb trees and telegraph poles 
to avoid a lioness that lay across the track 
patiently waiting for her prey to descend. 

As the line was pushed forward, the lions 
were left behind for a time, and but few were 
seen until a point near Nairobi was reached, 
when Mr. Ryall, a police super- 


ser sora intendent, was actually at- 
Results. tacked and killed as he lay 


asleep in a saloon carriage in a 
siding close to Nairobi Station. There was 
contributory carelessness about this tragedy, 
however. Mr. Ryall and two other Euro- 
peans had travelled to the spot with the ex- 
press purpose of endeavouring to kill the lion, 
which had been responsible for the death of 
some fifteen coolies in the course of a few 
days. The three hunters loaded their rifles 
and opened the windows of the carriage, pre- 
pared to take aim at the brute the moment 
it appeared. The whole party then dropped 
off to sleep, the night being a very oppressive 
one. The result was that the lion, after scent- 
ing them out, approached the carriage cau- 
tiously, suddenly sprang in through one of the 
open windows, and mauled Mr. Ryall so ter- 
ribly before those with him could render any 
assistance that he died soon afterwards. 

Some of these adventures had a distinctly 
humorous side. Once when one of the con- 
struction camps had got “ lions ” on the brain, 
one of the telegraphic super- 
intendents rode into the place 
late one night from his post 
some fifty miles away. He was a personal 
friend of the engineer in charge, and, not wish- 
ing to disturb any one, he crept quietly into 


A Humorous 
Incident. 





.A TRACTION ENGINE ON MAU. 


the engineer’s hut, and tried to find a cor- 
ner where he could rest after his long ride. 
Unfortunately, while groping about in the dark 
he stumbled against the end of the bed where 
the engineer lay asleep, and to prevent him- 
self from falling he clutched at the sleeper’s 
feet. There was an immediate yell of terror 
from the bed as the engineer sprang up and 
reached for the loaded gun which he kept 
handy. The noise in the hut quickly aroused 
the camp, and every one felt certain that the 
engineer was being killed and carried off by a 
lion. In a few moments the hut was sur- 
rounded by hundreds of coolies, headed by 
the white men in camp. Each was armed 
with a weapon ranging from a repeating rifle 
to a pick-axe or a shovel. The innocent cause 
of this disturbance was by this time scarcely 
less terrified than the engineer for fear a fusi- 
lade should be opened on the hut and one or 
both of them shot. He was shouting at the 
top of his voice, ‘“‘ For Heavon’s sake, don’t 
shoot! It is only me!” 

Notices something like tho following were 
quite common during the early days of the 
Uganda Railway :— 


‘* URGENT. 


“To Traffic Manager, 
“ August 17, 1.45 am. 
‘Lion is on platform. Please instruct guard and driver 
to proceed car.fully and without signal. Guard to advise 
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passengers not to get out here, and to be careful .when 
coming into office.”’ 


It was after the line had passed Nairobi 
that the real engineering troubles began, and 
it is doubtful if a line was ever carried through 
a more difficult country, or 
one worse adapted to railway 
construction. Thirty-four miles 
beyond Nairobi the country falls sheer away 


Engineering 
Difficulties. 





A TEMPORARY WOODEN TRESTLE OVER THE MAU 
ESCARPMENT. 


over a natural escarpment, at the foot of which 
runs the valley of the Great Rift. This Ki- 
kuyu Escarpment, as it is named, is one of 
the many natural wonders with which the 
continent of Africa is so bountifully endowed. 
The summit of the escarpment is 7,830 feet 
above the sea-level, and some 2,000 feet below 
it lies the Rift Valley. This valley, by the 
way, can be distinctly traced from the Zam- 
besi northwards to Palestine. As might be 
imagined, the view from the summit of the 
escarpment is one of the most magnificent 
that could possibly be obtained, the clear 
atmosphere making distant mountains and 
other natural features appear quite close to 
the observer. 

When the summit of this escarpment was 
reached it was found that some expedient for 
lowering the necessary plant and equipment 
to its foot would have to be devised until 
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such time as the line itself should have been 
completed. After some consideration, a rope 
railway was built to convey 

the trucks up and down the 

hillside. This device was found , 
to work very satisfactorily, 

except for one or two minor mishaps. It was 
quite out of the question to carry this line 
straight over the escarpment, so it had to 
climb diagonally down the slope through thick 
forests, and pass in places over some very fine 
steel viaducts. The Rift Valley is also crossed 
diagonally, and the line then winds up the hills 
on the farther side of the depression towards 
the Mau summit. This, some 8,350 feet above 
sea-level, is the highest point reached by the 
line. By its extraordinary rises and falls the 
Uganda Railway is made one of the most won- 
derful in the world. There are, of course, 
many railways in other places that attain 
greater altitudes, notably in the Rocky Moun- 


Climbing 
down the 
scarpment, 





ROPE INCLINE ON KIKUYU ESCARPMENT. 


tuins and the Andes, but on no other line is 
the ascent so steep as on the Uganda Railway, 
which rises nearly 8,000 fect in the course of 
about 500 miles. Its descent from the Mau 
summit to the terminus at Port Florence is 
even more remarkable, with its drop of 4,700 
feet in 91 miles. 

It was originally proposed that the terminus 
of the line should be at Port Victoria, on the 
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CARRIERS ON ROPE INCLINE. 


Victoria Nyanza, to the north-west of Port 
Florence. However, the country between 
the Mau summit and Port Victoria, though 
not so abrupt in its descent as the route fin- 
ally selected, was so extremely unfavourable 
for engineering work of any description, that 
after a detailed survey had been carried out 
it was definitely abandoned, and Port Flor- 
ence was selected as the inland terminus of the 
railway. 

During the building of the line from Nairobi 
to the interior, the great amount of bridging 
necessary was 80 con- 
siderable, and so irri- | 
tating were the delays : 


r SOE Ree et AS A eS 


of the manufacturers, 
British and American, 
in the delivery of the 
necessary §§ material, 
that whenever possible 
the construction par- 
ties pushed on along 
alternative routes in 
order that the work 
of conveying the rails 
and other necessary 
equipment for the line 
might proceed as 
quickly as possible. 
So often was this ex- 


{ 
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pedient resorted to that the German engineers 
who subsequently traversed the line declared 
that the British Government 
had made not one railway from 
the coast to the Victoria Ny- 
anza, but two. Along these diversions tem- 
porary wooden bridges and viaducts had often 
to be built, some of them of a very substantial 
nature. In fact, it is probable that, had the 
line been built in the United States or Canada, 
the bridges would have been allowed to remain 
as part of the permanent track. The British 
Government, however, determined that steel 
bridges only should be utilized throughout the 
length of the railway. 

A severe impediment to the construction of 
the line were the marauding habits of the 
natives in certain districts through which the 
railway passed. Tools and 
equipment of every description 
had an especial attraction for 
them, and though they had not the slightest 
idea of the manner in which to utilize the things 
they appropriated, they would carry them off 
under the very eyes of the construction staff, 
vanishing swiftly into the jungle and the for- 
ests, where pursuit was almost impossible. Nor 
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VIEW OF GREAT RIFT VALLEY FROM TOP OF AN INCLINE. 
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A TYPICAL BRIDGE. 


was the track itself safe from their depreda- 
tions. During the night, in the absence of the 
working-parties, they would boldly loosen the 
“chairs” and “ fish-plates” that held the 
rails in place, and convey the rails to their 
villages, where they were put to all manner of 
uses. So severe was the loss in this direction, 
and so constant were the interruptions in the 
working of the line, that it was at length de- 
cided to enroll a special force of railway police, 
whose duty it would be constantly to patrol 
the line in those districts where the thefts were 
the most numerous, and to drive away, or, if 
possible, capture the marauders. Sikhs from 
the Punjab who had served in the Indian 
native army, and who were at once disciplined 
and highly fitted to withstand the vagaries of 
the East African climate, were chosen for this 
police force, and placed under the command 


of experienced British military officers. For 
the use of the patrols light trollies of ingenious 
design were provided. These travelled along 
the track itself, and were driven in much the 
same fashion as a bicycle. By means of these 
trollies, whose utility was very quickly proved, 
the police were enabled to cover considerable 
distances every day. 

Another very ingenious device to prevent 
the wrecking of the line by the natives was 
also adopted by the construction staff. The 
stcel rails were bolted firmly to the sleepers, 
and the heads of the bolts filed off flush, so 
that it was noxt to impossible to take the 
rails away without removing the sleepers as 
well. Similar precautions were taken with the 
bolts that sccured the plates which held one 
rail to another. The entire track became in 
fact one solid whole. Of course these devices 
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meant a considerable delay when it became 
necessary to remove or replace a rail, but this 
was amply compensated for by the fact that 
the natives were at length so effectually 
checkmated as to render protection by the 
police force no longer necessary. To-day the 
natives are quite accustomed to the railway, 
and make increasing use of it year by year, 
and such thefts as do occur are trivial, and are 
mainly committed at the stations and the 
sidings. 

The type of engine employed on the Uganda 
Railway is, as will be seen from the illustra- 
tions, of a very 
heavy American pat- 
tern. Nearly all 
these locomotives 
had to be purchased 
in the United States 
owing to the inabil- 
ity or reluctance of 
British engineering 
firms to produce an 
engine sufficiently 
heavy and powerful 


to draw a fully AN UGANDA RAILWAY LOCOMOTIVE. 


loaded train over 

the steep gradients of the line. Next to the 
tender of every engine is conveyed a spare 
water-truck to supply the 
boiler over those portions of 
the route where water is scarce. 
This question of an adequate water supply 
along many parts of the line was a very diffi- 
cult one to deal with at first, especially for 
the first hundred miles or so west of Mom- 
basa up to the Voi River. Many suggestions 
were brought forward for surmounting this 
difficulty. One of these was to erect a series 
of large storage tanks in those districts where 
water was practically unobtainable at certain 
seasons of the year. It was proposed to divert 
into these tanks the drainage water of the sur- 
rounding country. After careful consideration, 
however, all the various schemes were rejected, 


Water 
Difficulties. 











‘Mombasa to Port 


and the method of each train carrying with it 
sufficient water to supply it through the water- 
less regions was adopted in their place. Along 
certain portions of the route where some water 
is available, though not always in sufficient 
quantities, as is the case at Kilindini, the sup- 
ply has been supplemented by the installation 
of elaborate condensing apparatus. Altogether 
considerable ingenuity has been displayed by 
the engineers in charge of the line in over- 
coming the scarcity of water that exists along 
the route. 

The passenger coaches employed on the 
Uganda Railway are 
of a type familiar to 
all travellers in India 
or in South Africa. 
They are provided 
with outside shades 
to subdue the glare 
of the fierce tropical 
sun and to keep 
carriages fairly cool, 
in which task they 
aro assisted by elec- 
tric fans. If not 
exactly luxurious, 
the interior fittings are at least extremely 
comfortable. Indeed, the trains running from 
Florence 
may challenge comparison with 
any to be found throughout 
Africa. To each engine is attached a 
““cow-catcher ”’ of the usual American pat- 
tern. A substantial catcher in front of an 
engine travelling at thirty miles an hour 
with a heavy load behind it is calculated to 
convince evon an elephant that the railway 
track is a highly inadvisable spot to select 
for an afternoon nap. It would indeed take a 
very stout obstacle to cause one of these trains 
to leave the metals, and the only thing that 
gives any real anxiety to the engineers is a 
** wash-out.” 

In common with every other railway run- 


The Rolling 
Stock. 
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ning through a tropical or semi-tropical coun- 
try, the Uganda line has suffered severely at 
one time and another through 
these wash-outs, which often 
carry away the track for a considerable dis- 
tance. They are caused by the torrential 
downpours of rain that take place at certain 
seasons of the year beating against the side 
of an embankment, and so loosening the earth 
that finally it collapses, carrying the line with 
it. Kfforts are constantly being made to pre- 
vent these wash-outs by the construction at 
frequent intervals along the track of culverts 
large enough to carry away the rain in any 
conceivable quantity. So much work has 
now becn done in this direction that it is 
hoped that all danger of wash-outs has dis- 
appeared. 

Another curiosity of this wonderful line is 
the telegraph poles that skirt the railway for 
a considerable portion of its route. On the 

; upper sections of the railway 
etving Teles: ot was decided that the cost of 
graph Poles. . ‘ 

iron poles, such as are being 
used on the trans-African telegraph wire, were 
too expensive to erect at first, so wooden poles 
were substituted in their place. A difficulty, 
however, quickly rose. White ants, one of the 
most destructive insects known, which literally 
Swarm in these regions, seemed to have an 
insatiable appetite for the wood of the poles, 


Wash-outs. 


and speedily honeycombed those erected until 
they collapsed, carrying the wire with them. 
The engineers were greatly puzzled for some 
time to find some means of circumventing 
the ants ; but at length they discovered acci- 
dentally the curious fact that the insects rarely 
or never attacked living trees, presumably on 
account of the sap, which is fatal to them. It 
was decided therefore to transport numbers of 
trees from the forests close at hand to the edge 
of the line, and to carry the telegraph wire 
along the upper branches of these. The “ bark 
cloth ” tree was principally selected as being 
the most suitable, since it bears transplanta- 
tion very well, and is very plentiful in these 
districts. 

The wire is bound to the trees by lengths of 
ordinary tarred rope, and, save for a periodical 
lopping of tho lower branches, these living 
telegraph poles require little or no atten- 
tion. 

From whatever point of view the Uganda 
Railway be contemplated, it stands as a monu- 
ment to British skill and British onterprise. 
The ingenuity shown in surmounting the many 
difficulties encountered was truly remarkable, 





A ROCK CUTTING. 


64 ENGINEERING WONDERS OF THE WORLD. 


while the engineers confronted the dangers of MOMbOsG: i asciuvntenteiineseees, 
pushing a line of railway through the heart VOlecasGuewtanceasse sevecccccecccessd03 miles, 
of a virgin, and to a considerable extent un- Se enn eon eee x 
known, country with dauntless pluck and per- —srroweuont gs 
severance. Never once did they falter from Makindu.....c.ccecececccccccccece cee 209 
the task they had taken in hand, though at Rilicctacmvenaanocecadoessuamiaieer 
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Thanks are due to Sir Francis L. O'Callaghan, K.C.M.G., C.SJ., CLE, 
Managing Member of the Uganda Ratlway Committee, 
for his revision of the Article, and for 
the loan of Photographs. 
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DRIVING IN WEDGES TO TRANSFER A SHIP'S WEIGHT FROM 
THE KEEL BLOCKS TO THE LAUNCHING CRADLES. 
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ALBERT G. HOOD, 


Editor of “The Shipbuilder.” 


An interesting account of the Building, Launching, Fitting-out, and Testing 
of a large Ship. 


HE laying out of the site for a new 
shipbuilding yard is a matter upon 
which much care and thought are 

expended ; for it need hardly be pointed out 
that the general arrangements of a yard, and 
the ease or otherwise with which material can 
be handled from the time it is brought into the 
yard until finally wrought into the ships, have 
an important bearing on the cost of the vessels 
that will be built. Economy in building is of 
such vital importance in these days of keen 
competition, that the leading shipbuilding 
firms, keeping this object in view, are con- 
stantly remodelling their establishments and 
introducing the latest labour-saving devices. 
On the building berth, where the various 
parts which go to form the vessel are assem- 
bled and worked into the hull, suitable means 
must be provided for expedi- 
tiously handling and lifting 
into position the various pieces 
of heavy material as they are brought to the 
ship ready for fitting into position, and for 
supporting the hydraulic riveting machines and 


other appliances in daily use. To meet this 
(2,408) 


The Building 
Berth. 


or 


requirement, much ingenuity has been dis- 
played, and many methods have been adopted. 
The old-fashioned arrangement of raising mate- 
rials with the aid of heavy wooden derricks and 
winches, placed in convenient positions along- 
side the building berth, is being rapidly super- 
seded by more efficient methods. This remark 
applies particularly to the American and Ger- 
man shipyards, which are all of comparatively 
recent design, and where full advantage has 
been taken of the experience of many years 
in British yards. At the Newport News 
shipbuilding yard, in Virginia, cantilever 
travelling cranes are mounted on a trestle 
structure, or gantry, running between two 
building berths, which are laid out side by 
side. Thus the cranes can travel to any point 
in the whole length of the berths, and can be 
used on either side of the gantry. Somewhat 
similar arrangements have been adopted in 
other American yards, including that of Messrs. 
Cramp at Philadelphia ; and jn many British 
and German yards the idea, in a more or 
less modified form, has been carried out 
successfully. 
VOL, I. 
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At the shipyard of Messrs. Swan, Hunter, 


and Wigham Richardson, at Wallsend, sheds 
of great height and width com- 
pletely cover several of the 
berths for their whole length. 
These sheds are of steel lattice 
work, and the roofs are covered with glass, 
thus protecting from the weather the vessel 


Covered 
Berths, 
Gantries, etc. 


i Ad a= * 


MS, ue as not 


ee | Pp 


‘nae 
Fhe, 


a 


a |’ 


OF THE WORLD. 


It was under one of the largest of these 
sheds that the Cunard liner Mauretania was 
built. 

At the yard of Palmer’s Shipbuilding and 
Iron Company, at Jarrow-on-Tyne, another 
novel arrangement is in operation over three 
of their largest shipbuilding berths. This con- 
sists of a number of cableways extending the 
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Fig. 1.—tTHE “ apriatic” 


AS SHE LAY IN MESSRS. 


HARLAND AND WOLFF'S YARD BEFORE LAUNCHING. 


Observe the great gantry cranes spanning the building slips, and the fore cradle supporting the vessel’s bows. 


under construction and the workmen engaged 
on her. Under the roofs of these sheds are 
fitted numerous electric “underhung”’ re- 
volving cranes, arranged so as to work in any 
position in the whole length of the building 
berth. From the standards and stiffening 
girders forming the sides of the sheds, the ships 
under construction are shored for fairing, etc. 


full length of the berths, and supported at 
each end by specially designed cross girders 
mounted on inclined supports. On each cable- 
way there is a trolley carriage, from which the 
hoisting, lowering, and longitudinal and cross- 
traversing motions are controlled. 

At Belfast, Messrs. Harland and Wolff’s 
structures over the berths take the form of 
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travelling gantries, or bridges, the supports or 
legs of which run on rails at the ground level. 
These gantries (see Fig. 1) are worked by 
hydraulic power, and at the top are fitted 
traversing and swing cranes for lifting the 
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tending their full length, somewhat similar to 
those in the other establishments first referred 
to.. Along the top travel cranes of the ‘‘ engin- 
eer ” type, while along the inside of the gantries 
are suspended a number of vertical jib cranes. 

Great improvements have been made dur- 
ing recent years in shipyard 
machinery. The machine most 
used is the punching and shear- 
ing machine, at one side of which plates are 
cut or sheared to any required form, while at 
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Fig. 2.—A MULTIPLE DRILLING MACHINE (MESSRS. WILLIAM SELLERS AND COMPANY, PHILADELPHIA). 
Fig. 3.—a 130-TON SHEER-LEGS AT H.M. DOOKYARD, CHATHAM, LIFTING TEST LOAD OF 180 
TONS (MESSRS. DAY, SUMMERS, AND COMPANY, SOUTHAMPTON). 


plates, etc., into position. At the time of 
writing this article Messrs. Harland and Wolff 
have just completed the laying out of new 
berths for the building of the huge liners of 
which they make a speciality. These berths, 
however, are equipped with fixed gantries ex- 


the other side holes to take rivets are punched 
through plates or bars. Other items included 
in the equipment of a modern shipyard are— 
rolis for straightening and bending plates ; 
planing machines for removing the rough edges 
of material after it has passed through the 
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shearing machine ; and machines for keel-plate 
bending, flanging, scarfing, bevelling, “ jog- 
gling,”’ slotting, milling, and riveting. Hy- 
draulic and electric power is rapidly replacing 
steam for driving the heavier machinery in 
shipyards; while for the lighter work—drill- 
ing, chipping, rimering, caulking, and certain 
riveting—compressed air is largely employed. 
Of course blacksmiths’ shops, joiners’ shops, 
and sawmills, with their numerous appliances, 
must find a place in the shipyard; while 
winches and travelling cranes, worked by 
steam or electricity, must be provided in the 
vicinity of the plate racks (see Fig. 1), where 
material is stored when first delivered into the 
yard, at the building berths, the fitting-out 
quay, and in other parts of the yard where 
their use is likely to be required. 


THE BUILDING OF A SHIP. 


Generally speaking, the order of procedure 
is similar in the construction of all iron and 
stcel merchant ships, whether of large or small 
size; and indeed the following remarks may 
be taken as applicable to war vessels, with 





Fig. 4.—ONE OF THE “ MAURETANIA’S ’ ANCHORS. 
ABOUT 8 TONS. 
NETHERTON.) 
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such reservations as are necessitated by their 
special requirements, such as the provision of 
armour, etc. In a comparatively short article 
like the present it is impossible to do more 

than mention briefly the chief processes which 

enter into an undertaking so vast as the build- 

ing of a steamship of the dimensions now con- 

sidered quite ordinary. 

Premising that tle general design and speci- 
fications for a new vessel have been agreed 
upon by the owners and the shipbuilders, in 
conjunction with the classifica- 
tion society or societies to 
whose rules the ship is to be 
built, the preparation of the working model 
and the working plans is proceeded with, so 
that the material to be used in the hull may 
be ordered from the rolling mills. The half- 
block model, on a }-inch to the foot or other 
suitable scale, is intended to show the exterior 
arrangements of the hull. On it are carefully 
drawn the positions of tho frames, or ribs, 
which support the shell plating, the edges of the 
shell and deck plating, and other details. Inthe 
case of a warship it is usual also to make block 
models showing the protective deck, 
the shape of the inner bottom, ete. 
From the model or models the sizes 
of many of the deck and shell plates 
and portions of the framing are 
measured, and the necessary speci- 
fications issued to the rolling mills. 

While the ordering of a portion of 
the material is thus proceeding, the 
‘laying-off ” of the vessel is taken 
in hand in the mould loft. Briefly, 
this consists of trans- 
ferring the form of 
the vessel from the 
}-inch scale drawings 
to the scrive-boards, which are laid 
on the mould-loft floor. The frames 
are here drawn out full size and 
“ faired ’’—-that is, so shaped as to 
ensure that the form of the ship’s 


The Working 
Model. 


The Mould 
Loft and 
Scrive-Boards. 
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Fig. 5.--IN A MOULD LOFT. 
Fig. 6.—TURNING THE CRANKS OF A LARGE LINER. (Photo, Messrs. Vickers Sons and Maxim:) 
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hull will have the exact curves required. 
The outline of the frames is then “‘scrived ”’ 
or cut into the boards, and the boards trans- 
ferred bodily to the bending slabs for the guid- 
ance of the frame-turners in preparing the 
frames in the manner described later. Moulds, 
or templates, of thin wood, are then made for 
the various internal portions of the vessel’s 
structure, for the stem bar (of which an ex- 
planation is about to be given), and for a great 
many of the plates and bars. ) 





Fig. 7.—DIAGRAM TO SHOW THE FRAMES, LONGI- 
TUDINAL STRINGERS, AND CROSS BEAMS OF A 
SHIP. 


While work in the mould loft is proceeding, 
the numerous detailed drawings, which in due 
course will have to be issued to the workmen 
in the shipyard, are being pushed on in the 
drawing-office, and further material is ordered 
as the working drawings are developed. Dur- 
ing the whole of the various stages of construc- 
tion, the staff of the drawing-office must also 
keep a careful watch on the weights being 
worked into the hull; while the timekeepers 
and accountants are making an accurate record 
of workmen’s time and the cost of material. 

As soon as tho laying-off is well in hand and 
the building material begins to arrive at the 
yard, the shipwrights and their labourers pre- 
pare the building berth, or slip, 
on which the vessel is to be 
laid down, and commence plac- 
ing the keel blocks. These blocks, which are 
of tough rectangular timber, 4 to 6 feet long, 
are placed in piles at a reasonable distance 
apart, determined by the weight of the vessel 
to be supported. It is on these keel blocks, 
as the name implies, that the keel of the vessel 
is to be laid, and it is therefore essential that 
they should be carried to such a height above 


the 
Keel. 


the ground as will give ample space for the 
riveters and others who will have to work under 
the ship. The tops of all the blocks, which are 
fitted with cap-pieces of oak or other hard 
wood, are accurately adjusted to a plane sur- 
face sloping about a 4-inch in a foot from the 
top of the berth to the water’s edge, or, in 
other words, from where the vessel’s bow will 
rest on the blocks to where the stern will be 
supported near the water. This declivity, of 
course, is necessary to facilitate launching the 
ship when the proper time arrives. 
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Fig. 8.—THE BENDING SLABS IN A SHIPYARD. 


In tho foreground is the hydraulic press which does the 
bending. The frame is held down against the slabs by iron 
dogs having one end insertod in the slab holes. 


The keel of large merchant ships and war 
vessels usually consists of wide horizontal 
plates running along the centre line of the 
bottom. Immediately over the flat keel plates 
and at the centre line a vertical girder, known 
as the centre keelson, is fitted the full length 
of the double bottom. This centre keelson is 
connected at its lower edge to the keel plates 
and at its upper edge to tho plating in the 
centre of the inner bottom, or tank top. The 
construction of the cellular double bottom, in- 
tended for carrying water ballast when the 
ship is at sea, is then proceeded with. The 
work at this stage is well illustrated in Fig. 9, 
which is a photograph taken during the build- 
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ing of the Mauretania. In the foreground may 
. be observed the keel plates supported on the 
blocks, and immediately above is the centre 
keelson, while amidships the double bottom is 
in position almost ready for the erection of the 
frames. 

While the keel is being laid, the frames, or 
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with holes at regular intervals. The frame is 
then drawn from the furnace, and while. hot 
is bent by the frame-turners to the required 
shape and given the necessary bevel. During 
the bending process the frame is held in posi- 
tion by a series of iron pins, or dogs, placed in 
the holes in the bending slabs. The frames 
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Fig. 9.—KEEL AND PART OF DOUBLE BOTTOM OF THE “ MAURETANIA.” 


ribs of the ship, are being bent and prepared. 
From the form shown by the scrive-boards a 
light iron ‘ set,’’ or mould, is 
made for the guidance of the 
frame-turners in bending the 
frames on the slabs. These bending slabs are 
of iron, of an area large enough to enable the 
largest frames to be dealt with, and are pierced 


Framing a 
Vessel. 


are usually bent by hand, but recently a form 
of hydraulic bender has been introduced, (See 
Fig. 8.) 

The frames, after being prepared as described, 
are brought to the building berth and erected 
in position, being held there and faired by 
means of wooden shores and “ribbands.” 
These ribbands are long lengths of timber 
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Fig. 10.—tHe “ MAURETANIA” BEING FRAMED. 


extending in a fore and aft direction round 
the outside of the frames at; certain heights 


from the _ ground, 
and they keep the 
frames in place un- 
til the shell or out- 
side plating of the 
hull is riveted to 
the frames. The 
beams to support 
the decks are then 
hoisted into place 
and riveted to the 
frames, and the 
bulkheads also are 
got into position. 
These latter are 
usually riveted to- 





Fig. 11.—BENDING A PLATE IN A HYDRAULIO PRESS; 


(Photo, Messrs. Niles, Bement, Pond, and Co., Lid.) 


gether on some convenient flat surface. 
very large sizo, they are erected in the ship 


If of 


piece by piece, but 
whenever _ possible 
they are lifted into 
position complete. 
At this stage of con- 
struction the vessel 
presents an appear- 
ance something like 
that shown in Fig. 
10, This is an in- 
terior view of the 
Mauretania looking 
forward, that vessel 
having been selected 
for the purpose of 
several of our illus- 
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trations as representing the latest methods of 
ship construction. 

The stem bar and stern frame, which are 
usually of forged iron or cast steel, must be 
got into position on the build- 
ing berth at an early stage in 
the vessel’s construction. The 


Stem Bar and 
Stern Frame. 


stem bar is at the extreme fore end of the 
vessel, and extends upwards from the termina- 
tion of the keel plate to the 
highest deck. To the stem 
bar the shell plating on 
both sides of the ship is 
attached. 


The stern frame, 
or, aS it is some- 
times called, the 
stern post, is at. 
the extreme after 
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Fig. 12.— THE “ LUSITANIA’S ” STERN FRAME AND 
SUPPORTS FOR THE INNER PROPELLER SHAFTS. 


The immense size of the castings forming the stern frame 
and propeller shaft supports, which weighed nearly 100 tons, 
will be appreciated on comparing them with the 6-foot 
driving wheel which the man is holding up in the position 
that was afterwards occupied by the rudder. 


end of the vessel. As in the case of the stem 
bar, the plating of both sides of the vessel is con- 
nected to the stern frame. In the stern frame 
for a screw steamer there must be a support for 
the shaft passing from the engines to the pro- 
peller; or, in the case of a twin-screw vessel,two 
such supports must be provided, ono for theport 
and the other for the starboard propeller shaft. 
Connections for the rudder must also be forged 
or cast on the stern frame, the rudder usually 
being added to the vessel at a later stage. 

A view of the cast-steel stern frame of the 
Lusitania, as it appeared in the shop of the 


makers, is given in Fig. 12. The supports for 
the two inner propeller shafts (the vessel was 
fitted with four propellers) may be seen to the 
right of the picture, while nearer the left the 
connection for the rudder is shown. As the 
Lusitania and Mauretania were designed to act 
a3 armed cruisers or scouts in time of war, the 





Fig. 13.—PoRTABLE RIVETERS FOR GIRDERS. 


rudder of each vessel had to be fitted well 
below the water-line to protect it against gun 
fire, and consequently the design of the stern 
frame was somewhat different from that usu- 
ally adopted in a merchant steamer. 

The framing of the ship being well in hand, 
the outside or shell plating is commenced, and 
drawings are supplied for this purpose to 
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Fig. 16.—PUNCHING A LARGE SHELL PLATE. 


the “ plating squads.” These squads usually 
consist of three platers, a marker, and a num- 
ber of helpers or labourers. 
From the light wooden tem- 
plates made, the side and end edges are sheared 
and planed, and the rivet holes punched in the 
plates. As each plate is got ready, it is lifted 
into position and fastened temporarily to the 
frames or beams by the platers by means of 
bolts and nuts. The plates for tho shell and 
decks of large steamers are now made of great 
size, the advantage of this course being a reduc- 
tion in the number and weight of butts (end- 
to-end joints) and overlaps necessary. Some 
of the steel plates worked into the great liners 
recently built have a weight of 4 to 5 tons, and 
measure 48 feet long. It is interesting to re- 
call that in the Great Eastern the iron plates 
used for the outer shell weighed only about 
7} cwt., and were 10 feet long. 

While the platers are engaged on the shell, 
the “riveting squads’ are employed on the 
various internal parts of the vessel ; and when 
these last are completed, the 
shell and deck riveting claim 
attention. A riveting squad usually com- 
prises two riveters, a ‘‘ holder-up,” a heater 


The Plating. 
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Fig. 14.—pDRILLING SIDE ARMOUR OF A BATTLE- 
SHIP. (Photo, 8. Cribb, Southsea.) 


Fig. 15.—A VERY LARGE HYDRAULIC RIVETER. 
(Photo, Messrs. Henry, Berry and Co., Leeds.) 
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boy, and sometimes a “catcher” boy. The 
duty of the holder-up is to support firmly, by 
means of a large hammer, the rivet-head while 
the two riveters hammer down the end of the 
rivet on the other side of the plate or other 
object being riveted. The heater boy is re- 
sponsible for supplying the squad with rivets 
heated to the proper temperature, while the 
work of the catcher is to pass on the rivets 
from the heater to the spot where the riveters 
are employed if the distance be considerable, 
as often happens. An idea of the magnitude 
of the work performed by the riveters may be 
gathered from the fact that in the building 
of the Lusitania and Mauretania over 4,000,000 
rivets, weighing nearly 800 tons, were worked 
into each ship. 

Following closely on the riveters come the 
caulkers, whose work it is to make all scams 
and joints of the shell, “weather” decks, 
double bottom, and most of 
the bulkheads water-tight. 
While the hull has thus been 
taking shape, the woodwork and other internal 
fittings have been passed through the initial 
stages; and the deck machinery—winches, 
windlass, steering gear, etc.—is fitted as soon 
as the iron or steel work is in a sufficiently 
forward state. Finally, the work of cleaning 
and painting the hull is taken in hand; and 
then the important task of transferring the 
vessel from the building berth to her native 
element must receive consideration. 


Caulking and 
Painting. 


THE LAUNCHING OF A SHIP. 


The Jaunching of a ship is always an oper- 
ation of interest to the uninitiated as well 
as to those who have been engaged on 
her construction. The spectacle of a huge 
vessel gliding down the ways at an ever- 
increasing speed, and gradually coming to 
rest after she enters the water, is one which 
appeals powerfully to the imagination; and 
although the shipbuilder is able to make 
arrangements which should ensure success, he 


feels great relief when he sees the vessel safely 
afloat. The foundations of the berth, the de- 
clivity, length, and camber of the ways, the 
strength of the launching cradles, the depth of 
water over the way-ends, the drag-weights to 
pull the vessel up when she is afloat—all these 
and many other points are anxiously con- 
sidered, and form the subject of careful calcu- 
lation. Where the river into which the new 
vessel has to be placed is very narrow, the 
ship is occasionally launched sideways; but 
the great majority of vessels are launched 
stern foremost, and we propose therefore to 
describe the latter arrangement. 





Fig. 17.—sSECTIONS THROUGH LAUNCHING CRADLES 
AMIDSHIPS AND IN WAYS OF CRADLE. 


The solid black portions are the ground-ways. Observe 
the wedges for raising vessel off keel blocks. 


Preparations for the launch are commenced 
some weeks before the actual date fixed for 


putting the vessel into the water. In the case 

of a large ship, a small army 

of shipwrights is employed in ane Stound: 
ways. 


constructing the inclined plane, 
or ‘ ways,” upon which sho slides down to the 
water, and the “cradles” by which she is 
supported during the operation, The ways con- 
sist of the ‘“‘ ground ” or “standing ways,” and 
the “ sliding-ways.”” The two parallel ground- 
ways, one on each side of the keel, are laid 





Fig. 18.—SECTION OF AFTER END OF CRADLE. 


The upper ends of the cradle timbers rest against an angle plate 


attached to the ship’s side. 


under the vessel, being built up from the 
ground to the required height on heavy timber. 
These ways, which may be described as huge 
wooden slides, extend from near the stem cf 
the vessel right down the full length of the 
berth, and far enough into the water to en- 
sure that there shall be sufficient depth to 
prevent the ship “tipping ” off the way-ends 
before she is properly water-borne. The 
ground-ways are usually laid at a mean decliv- 
ity of about ,';-inch in the foot towards the 
water’s edge, and present a perfectly smooth 
surface at the top. 

Upon the ground-ways are placed the slid- 
ing-ways, which move with the vessel. 
At the ends of the ship, where her sides 
are ‘fine,’ and her 
bottom no longer pre- 
sents a wide and almost 
flat surface, the weight is supported by 
the timbers forming the “ cradles,” 
built up between the top of the sliding- 
ways and the outside plating of the 
ship. A view of the forward cradle 
prepared for the launch of the White 
Star liner Adriatic at Belfast is shown 
in Fig. 1, while a good idea of the 
arrangement of an after cradle may be 
gathered from an examination of Fig. 
19, which is reproduced from a photo- 
graph of the after cradle of the 


Sliding—ways 
and Cradles. 
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Mauretania. In the latter case it will 
be observed that the cradle was built up 
under the ‘bossing” of the plating 
carried round the shafting of one of the 
inner propellers ; while the outside pro- 
peller on this side of the vessel is seen 
further forward, the Mauretania, like 
the Lusitania, having in all four pro- 
pellers. The bearing surfaces of the 
ground and sliding ways are covered 
with an efficient lubricant, generally 
tallow and soft soap, to prevent exces- 
sive friction betwoen them. 

Upon the morning of the launch 
wedges are driven in between the sliding- 
ways and the bottom of the ship, in order to 
lift most of her weight off the blocks and 
shores by which she has heen supported 
during building. At the time fixed for the 
launch, provided wind and weather are 
favourable, and there is a_ sufficient depth 
of water at the end of the ground-ways, 
the christening party assembles on the special 
platform usually erected near the vessel’s 
bow; a bottlo of wine, gaily decorated 
with ribbons, is broken over the bow; and 
at a given signal the keel and bilge blocks 
still remaining are knocked out from beneath, 





Fig. 19.—AFTER LAUNCHING-CRADLE OF THE 
‘* MAURETANIA.” 
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Fig. 20.-- LAUNCH OF H.M.S. “ NELSON” AT WOOLWICH, JULY 4, 1814. 


allowing the vessel to rest solely upon the 
greased ways. 

To prevent movement until the desired 
moment after the knocking out of the blocks 
is completed, the vessel is held by what are 
commonly spoken of in the 
shipyards as “ dog-shores.”’ 
These dog-shores, or triggers, 
consist of pieces of timber wedged in between 
projections on the sliding and standing ways. 
When the signal “‘ all clear ’ is given, the lady 
who christens the vessel presses a button, 
which completes an electric circuit, bringing 
into operation some mechanical means for 
removing the dog-shores, such as the falling 
of a heavy weight upon them, and the ship 
is free. Then comes the moment of supreme 
excitement when the first movement is per- 
ceived. She starts very slowly, as though 
loth to leave the berth which she has occupied 
for months; but gradually she gathers way, 
and amid the cheers of those assembled, and 
shrieks from the steam whistles and sirens of 
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(Rischgitz Collection.) 


the tugs waiting in the river to take charge 
of her, the new ship passes majestically down 
the ground-ways to take the first plunge into 
her native element. 

In order to stop the vessel gradually after 
she has left the ways, which of course is neces- 
sary when the ship is launched into a river of 
limited width, a series of steel 
wire hawsers are connected 
from eye-plates on the ship’s sides to piles of 
chains or other heavy drags buried in the 
ground near the head of the building berth. 
These hawsers become taut one after another, 
drag the chains along, ploughing up the 
pround, and at length bring the vessel to rest. 
When sho is safely afloat, hawsers are passed 
to the tugs in attendance and the vessel is 
guided to her moorings, after which the work 
of completion is taken in hand. 

The launch of the Cunard liner Lusitania 
from the yard of Messrs. John Brown and 
Company, Clydebank, and of the sister ship 
Mauretania from Messrs. Swan, Hunter, and 


The Drags. 
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Wigham Richardson’s yard at ‘Wallsend, 
created world-wide interest as 
engineering foats, on account 
of the size and weight of the 
mass transferred from the 
building berths to the water. 
The moving weight of ship and cradles at the 


Launch of the 

‘‘ Lusitania ”’ 

and ‘‘ Maure— 
tania.”’ 
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able. Small as this distance appears for 
launching and bringing to rest a vessel of the 
Mauretania’s length (790 feet over all), it 
proved more than sufficient, for she was 
brought up with her bow only 93 feet from 
the way-ends. The launch occupied exactly 
seventy seconds. During the first seven sec- 
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than her 
sister when 
first floated. 
These 
weights con- 
stitute the 
world’s rec- 
ord in ship- 
launching, 
the weight 
of the larg- 
est battleships, such as H.M.S. Vanguard 
and the other vessels of the enlarged and im- 
proved Dreadnought type, being only about 
8,000 or 10,000 tons when Jaunched. At the 
point where the Mauretania was put into 
the water the river Tyne is only 785 feet 
wide ; but her builders laid out the berth on 
which she was built at such an angle to the 
river that a run of nearly 1,200 feet was avail- 


JARROW-ON-TYNE. 





Fig. 21.—LAUNCH OF H.M. BATTLESHIP “ LORD NELSON” IN 1907 AT 
THE YARD OF MESSRS. PALMER'S SHIPBUILDING AND IRON COMPANY, 


Observe the greased standing-ways and the arched girder support for the 
cable-ways spanning the building slips. 


the ship to 
rest, and 
with the aid 
of the six 
tugs in at- 
tendanceshe 
was quickly 
moored 
alongside 
her builders’ 
yard. This 
memorable launch was witnessed by about 
100,000 spectators —in the shipyard, on 
steamers afloat, and from points of vantage 
on both banks of the river. 

It will be easily understood that the 
launching of a large ship is a matter of 
considerable anxiety to those responsible for 
the operation, which is the most critical 
incident in the making of a vessel. 
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SHIPPING THE MACHINERY, FITTING 
OUT, AND TRIAL TRIP OF A NEW 
SHIP. 


Fig. 22.—-IN THE TUNNEL SHAFT OF A BIG LINER. 


Gencrally speaking, a vessel when launched 
is merely a shell, without engines and boilers on 
board. These have to be shipped, the masts 
and funnels placed in position, and much of the 
deck and interior work completed, before the 
ship is ready to proceed on her trial trip. If 
the vessel is intended to carry passengers, there 
is usually a large amount of joiner-work still 
to be done in the public rooms and state 
rooms when the vessel is put into the water. 
The completion of a liner may occupy twelve 
months after her launch, while the builders 
of a battleship are frequently engaged 
for an even longer period in fitting the 
armour, guns, and machinery ere the vessel 
commences her preliminary sea trials. 

Of course, the construction of the propelling 
machinery has proceeded at the engine works 
simultaneously with the building of the hull 





in the shipyard, and the engines and boilers 
are usually sufficiently far advanced to enable 
a start to be made with lifting 

them on board within a short seeds g the 
time of the launch. The oo 
propeller or propellers, the propeller shafting, 
and other subsidiary parts of the machinery, are 
frequently fitted before the vessel is put into 
the water, and as a rule the engines have been 
erected in the shop and the boilers are prac- 
tically finished before the vessel is taken along- 
side the engine works. Openings are left by 
the builders in the decks, ete., to facilitate the 
operation of shipping the machinery, and in a 
very short time tho main engines and boilers 
are on board, and the vessel returns to the 
shipbuilding yard to complete her equipment. 
A number of men are still employed in the 
engine and boiler rooms completing pipe con- 
nections, etc.; but as a rule when the vessel 
returns to the shipyard the shipbuilders have 
more work to complete than the engine- 
builders. 
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Fig. 23.—PROPELLER SHAFT IN DYNAMO ROOM 
OF A SHIP. 


The scene on board a large vessel during 
the final fitting-out before being handed over 
to her owners is an interest- 
ing one, and a visitor unaccus- 
tomed to such work often wonders how order 
is introduced into what appears to him chaos. 


Fitting—out. 
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Fig. 24.—Aa BOILER BEING LIFTED BY A HUGE 
ELECTRIC 150-TON FLOATING CRANE (BUILT FOR 
MESSRS. HARLAND AND WOLFF BY THE BEN- 
RATHER MASCHINENFABRIK ACTIENGESELL- 
SCHAFT). 


Nevertheless, the work is proceeding syste- 
matically, and each foreman knows exactly 
what work in his department is still unfin- 
ished. The ironworkers complete their tasks 
in time to make way for the plumbers, the 
joiners, and the electricians (all large vessels 
are now fitted with electric light), who in 
‘turn are succeeded by the upholsterers, the 
decorators, the painters, and the cleaners, until 
the great ship is completed, and ready to 
demonstrate on a trial trip at sea her capabili- 
ties for the work for which she has been 
brought into existence. 

If the vessel has been long afloat after 
launching, or if a high speed is to be obtained, 
she is placed in dry dock for cleaning and 
painting the bottom; bunker 
coals and stores are taken on 
board, together with the neces- 
sary cargo if she has to undergo a loaded trial ; 
and she is then ready to proceed to sea. It 
should be added that the engines have already 
been run while the vessel was securely moored 
alongside her builders’ yard, in order to ensure 
that all is right in the engine-room. The open 
sea having been reached without accident, and 
the compasses properly adjusted, the vessel, 


The Trial 
Trip. 
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in shipbuilding parlance, “is put on the mile,” 
or, in other words, she commences to steam 
to and fro over a course where the distances 
are clearly indicated by landmarks. These 
courses are to be found in close proximity to 
the various shipbuilding centres, and in most 
cases the distances are marked by posts ‘speci- 
ally erected on the seashore for that purpose. 
Here the new vessel is tested thoroughly to 
ascertain her speed and manceuvring powers. 
The trial trip of a new vessel may occupy 
only a few hours, or it may include, in addi- 
tion to the runs on the measured mile, a 
cruise of several days’ duration, according 
to the nature of the tests required. During 
the trials of an important high-speed vessel 
the responsibility of the builders of the ship 
and engines is almost equal to that attend- 
ing the ship’s launch; for it not infrequently 
happens that the building agreement stipulates 
for a certain speed, with heavy penalties should 
the vessel fall below it; or should the con- 
sumption of fuel in attaining the speed exceed 
that agreed upon, the builders must pay 
damages to the owners, or possibly the trial 
will have to be repeated. The failure of new 
vessels to fulfil contract conditions on trial is, 
however, comparatively rare—a fact which 
speaks eloquently of the high state of pro- 
ficiency attained in the science of shipbuilding 
and marine enginecring. 








Fig. 25.—a SHIP THAT WAS BUILT IN SIXTY-FOUR 
WORKING DAYS. 
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BY C. J. BLANCHARD, 


Of the United States Reclamation Service. 


This extremely interesting Article informs us of the difficulties with which 
Americans have had to contend in the arid regions of the United States, and 
of the great Irrigation Works which have converted millions of acres of Desert 


into smiling Orchards and Corn Lands. 


RRIGATION in the United States ante- 
dates by many centuries the written 
history of this continent. Jmpene- 

trable mystery envelops the races who first 
practised it in the warm valleys of the South- 
West. It is not improbable that, as far back 
as those stirring days when Rome was young, 
a semi-civilized people dwelt in Arizona and 
New Mexico, and by irrigation transformed a 
descrt into a land of bloom and fruitage. 

Ages before Columbus sailed the unknown 

western seas, thrifty husbandmen there exca- 
vated many miles of canals, embracing thou- 


sands of acres. The remains 
Ancient 


Irrigators. : 
tems, which we can _ trace 


faintly beneath the dust and drift of centuries 
indicate a surprising knowledge of engineering 


on the part of the primitive builders. They 
(1,408) 


of their great irrigation sys- 


6 


follow with oxactness the lines laid down by 
modern compass and level, except in localities 
where, by reason of comparatively recent 
volcanic action, the earth’s surface has been 
changed. The great steam-shovels of the 
Anglo-Saxon now excavating hundreds of 
miles of new canals in the valley have un- 
covered the ditches of this prehistoric people. 
Although construction took place before the 
age of metals, in many places the canals are 
cut in solid rock at a cost of time and labour 
which it is impossible for us to more than 
faintly conjecture. The irrigation works were 
of such magnitude that they evidently main- 
tained for a great period of time a prosperous 
and extensive population. 

The first written record of irrigation in the 
United States occurs in the interesting annals 
of the early Catholic priests in Southern 
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THE EFFECTS OF IRRIGATION. (1) DESERT LAND IN COLORADO BEFORE BEING IRRIGATED: 
: (2) THE SAME LAND, IRRIGATED, EIGHT YEARS LATER. 
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California, written late in the fifteenth century. 
At that early period, when the nation was 
yet in embryo, the Mission 
Fathers on the Pacific slope 
began teaching the Indians the 
gentle ways of peace. With the aid of the 
converts, the Fathers built dams and simple 
ditches. Stone structures and even pipe lines 
of burnt tile were constructed. Later on the 
Conquistadores of Coronado swept up the 
valley of the Rio Grande from Mexico in search 
of the “Seven Cities of Cibola.” Here they 
found pastoral settlements of Puchlo Indians, 
leading the waters of the Rio Grande to fields 
which had been in cultivation long before the 
traditions of the oldest members of the tribe. 
Spanish settlements followed the conquerors, 
and irrigation canals, excavated so long ago 
that the date is forgotten, are still being used 
to-day in much the same primitive manner as 
in the beginning. In many places the very 
methods of agriculture have not changed 
appreciably among these descendants of old 
Mexican pioneers of the United States, re- 
sembling closely those practised by the farmers 
of Spain ever since the fifteenth century. The 
methods of raising wheat among the Mexican 
irrigators in this valley are not unlike those 
which prevailed a thousand years before the 
Christian era. Pharaoh’s people, if they could 
be called back, would require no teaching to 
take a position on one of these farms. After 
the fields are prepared, the sower goes forth 
equipped with his sced wheat, which he scatters 
broadcast. The field is then harrowed and 
divided by plough furrows into square beds, 
with edges raised high to hold the water. 
During the period of growth 
the squares are flooded from 
the ditches until the ground 
is thoroughly saturated. Early in June the 
grain is harvested with the primitive sickle, 
and carried to the threshing-floor—usually one 
of beaten mud. A herd of goats or sheep, 
and often ponies, is brought in and driven 


The Mission 
Fathers. 


Primitive 
Methods. 


round and round until the grain is trampled 
out. This will call to mind the Biblical 
description of ‘‘ treading out the corn.” The 
short straw is now raked away, leaving the 
wheat and chaff. Tho winnowing is performed 
as it was in the days of Abraham, the grain 
being tossed high in the air so that the wind 
may carry away the chaff. 

The first attempt at irrigation in the United 
States by English-speaking people occurred 
in 1700. In that. year a few bags of rice, 
received in exchange for other foodstuff from 
a passing ship at Charleston, South Carolina, 
were planted as an experiment. The crop 
flourished, and its cultivation was extended. 
For fully a century and a half this industry 
was confined to narrow strips along the coast 
of the Carolinas and Georgia. 

Although rice is now grown in nearly all 
of the Southern States, the practice of irriga- 
tion in ‘its culture is confined principally to 
the coast counties of the Caro- 
linas and Georgia, the Missis- 
sippi delta, and the coastal prairies of Texas 
and Louisiana. On the Atlantic coast the 
areas irrigated are level alluvial lands, which 
were covered originally at high tide with 
water to a depth of two to three feet. To re- 
claim these lands dikes of alluvial soil were 
constructed parallel to the river, 25 feet thick 
at the base and 10 feet in height. As soon 
as the land dried, the fields were divided into 
sections by check banks; and the sections, 
varying in size from 5 to 30 acres each, were 
subdivided by ditches into beds. Each sec- 
tion is provided with a wooden trunk or box, 
with a door at each end, extending through 
the dike. When the fields are ready for 
irrigation the outer door is opened, and the 
rising tide forces the water through the trunk 
into the ditches, and thence to the fields. 
When the tide begins to fall the inner gate is 
closed and the water is securely stored. Drain- 
ing the field is performed by opening the doors 
at low tide. Under favourable conditions this 


Rice growing. 
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APACHE INDIANS AT WORK ON ROAD-MAKING IN 
ARIZONA. 





APPLES GROWN ON ONCE DESERT LAND. 


system is the most perfect in the world. Of 
recent years rice cultivation in this section of 
the United States has been greatly retarded, 
and many large plantations have been aban- 
doned, owing to the erratic flow of the streams. 
Since the denudation of the forest-covered 
slopes at the headwaters, rivers formerly 
regular in discharge and readily controlled 
have now become raging torrents. Floods 
now rise in a single night, and no dikes can 
withstand their force. 

The cost of irrigating and harvesting rice 
along the coast is heavier than in other sec- 
tions not dependent upon the action of the 
tides. The work of cultivating and harvest- 
ing is also great, and as the ground is moist 
it is necessary to gather the rice by hand 
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and carry it to higher ground to be threshed 
and cleaned. 

The plantations along the lower Mississippi 
River have a front leveo 40 feet thick at the 
base and 8 feet high. From February 1 to 
July 1 the water rises from two 
to four feet above the surface of 
the rice land, affording natural 
irrigation. During other periods the water 
is conveyed to the fields by several methods. 
The most common is to use a flume constructed 
on much the same principles as those of the 
trunk employed in the Carolinas. Siphons 
also are used. Considerable areas are supplied 
by pumping plants, drawing the water from 
the rivers ; and many plantations are irrigated 
by a system of tile flues set below the surface. 
By stopping these at the lower end the water 
is forced up through a layer of earth as needed. 
When the plugs are withdrawn the water 
passes off through the tiles. 


Natural 
Irrigation. 





DATE PALMS ON IRRIGATED LAND. 
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In the prairie regions, however, where the 
cultivation of rice was introduced about twenty 
years ago, the methous of planting and harvest- 
ing are similar to those followed 
by the wheat growers of the 
North-West. The prairies ex- 
tend inland along the coast from the Gulf of 
Mexico for a distance of 50 to 100 miles, rising 
in the interior to an elevation of about 200 
feet above sea-level. 
This is a flat, timber- 
less region, and was 
considered fit for graz- 
ing only until experi- 
ments proved _ the 
peculiar adaptability 
of the soil to rice cul- 
ture. Farmers from 
the Middle West 
moved to this section, 
introduced improved 
methods, and for the 
first time in the his- 
tory of rice growing 
in this country mod- 
ern machinery was 
brought into use. As 
a result the arca de- 
voted to the industry 
has increased rapidly, 
until now several hun- 
dred thousand acres 
are planted annually 
with this grain. Expensive canal systems, 
hundreds of miles in length, have been con- 
structed, the water being pumped from wells. 

The first irrigation work in the West by 
English-speaking people was done by the 
Mormons in Utah in 1847. When the Gentiles 
drove them from their head- 
quarters at Nauvoo, Llinois, 
the outposts of western settlement extended 
until] they were compelled, probably by ex- 
haustion, to call a halt. They unyoked their 
oxen and pitched their camp on the present 


Rice in the 
Prairies. 
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TO SHOW THE CLOSE RESEMBLANCE OF THE GREAT 
LAKE VALLEY TO THE VALLEY OF THE 
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site of Salt Lake City, at that time one of the 
most desolate spots in all the West. On the 
shores of America’s “ Dead Sea” the first 
attack by Americans on the arid regions was 
undertaken. 

These pioneers came from the Middle West, 
and were wholly unacquainted with irrigation. 
Their hardships were numerous and severe 
in the first years of their settlement. The 
‘Promised Land” in 
which they located is 
strangely like that of 
Palestine. It occupies 
a part of the region 
once covered by an- 
cient Lake Bonneville. 
Salt Lake valley, 
through the centre of 
which flows the new 
Jordan River, is 
rimmed by moun- 
tains, as is the Jordan 
valley of Palestine. 
At its southern end is 
Utah Lake, a large 
body of fresh water, 
out of which the river 
flows north-westward 
into Great Salt Lake, 
as in the land of 
Canaan the waters of 
the Sea of Tiberias 
are drained by the 
Jordan into the Dead Sea. 

Other companies of Mormons joined the 
The work of constructing ditches 
Methods 


pioneers. 
was extended to other streams. 
were improved until one of the 
most efficient systems in the 
country had been developed. 
The individual ownership of land and co-opera- 
tion in ditch construction were here the prin- 
cipal factors of success. The records show 
fewer failures in canal construction and opera- 
tion in Utah than in any other state. 


Prosperous 
Utah. 
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COMPLETED PORTION OF UPPER MAIN CANAL, 
OKANOGAN PROJECT, WASHINGTON. 


Utah is practically the only arid State 
whose development began with  agricul- 
ture as the chief industry. The precious 
minerals of California, Colorado, Nevada, 
Idaho, and Montana attracted the miners, 
and in Wyoming the stockmen came long 
before the man with the plough. 

In California, after the placer miners had 
gleaned all the riches from the streams, many 
of their ditches and flumes were utilized for 
irrigation, and considerable areas were culti- 
vated in orchards and gardens. The acreage 
thus irrigated increased with the growth of 
population until large systems became neces- 
sary and were constructed. In Colorado and 





DAM IN DIVERSION CHANNEL, MINIDOKA 
IRRIGATION PROJECT, IDAHO. 
30,000 horse-power will be developed at this point. 
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Idaho the ditches of the miners were similarly 
employed after the deposits had been ex- 
hausted. Between 1862 and 1880 many 
comparatively unimportant canal systems were 
constructed in Colorado. It is probable that 
not more than 20,000 acres were under irriga- 
tion in the Western States in 1870. 

From 1870 to 1880 was an era of rapid 
development of small ditches, constructed by 
individuals and associations of farmers. At 
the end of that period there were probably 
1,000,000 acres under irrigation. 

In 1869 the famous New York editor, 
Horace Greeley, began to advocate the settle- 
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ENTRANCE TO IRRIGATION TUNNEL, HUNTLEY 
PROJECT, MONTANA. 


ment of the West. His motto, “Go west, 
young man, go west,” became 
a slogan, and in 1870 a co- 
operative association, com- 
posed mainly of New Eng- 
landers, established a colony in Colorado 
not far from the present city of Denver. 
Although promoted and aided by the ad- 
vocates of the Fourier scheme of associa- 
tion, the American colony differed materially 
from the communities organized under the 
French system. Instead of a common owner- 
ship of land and a community dwelling together 
under one roof, as planned by Fourier, the 
Greeley colonists arranged that the unit of 


The Settle- 
ment of the 
West. 
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society should be the family living in its own 
house, owning home and land independently, 
and no restrictions were placed upon individual 
enterprise and industry. 

The first few years of the Greeley colony 
were full of discouragement and failure for 
many of the settlers. There were many deser- 

tions. The country was new; 
eLe there was a lack of knowledge 
as to the crops which could be 
grown there. After futile and costly experi- 
ments, it was seen that the hopes of the people 
for orchards and vineyards could never be 
realized. This brought about a completo 
change in the plan of farming and in the 
crops planted. Diversified crops were culti- 
vated successfully, and soon the conditions be- 
came more comfortable for the colonists. It 
was thon discovered that the soil and climato 
were adapted to the cultivation of potatoes. 
To-day the Greeley potato is one of the famous 
crops of the West, and its market is world- 
wide. 

This colony is a landmark in the develop- 
ment of the arid West. Its influence has 
been far-reaching in the upbuilding of more 
than one prosperous community in the desert. 
The success which finally crowned the efforts 
of these colonists gave a great impetus to 
irrigation all over the arid region. 

In the decade 1880 to 1890 there was a 
“boom” of speculative enterprise in irriga- 
tion canals. Large sums of money were 
obtained for irrigation works 
by the sale of stocks and bonds, 
and great enterprises were pro- 
jected, canals of upwards of 100 milos in length 


A Boom in 
Canals. 


being planned and in some cases built. Nearly. 


all of these schemes failed financially, though 
they promoted the extension of irrigation. 
The statistics of irrigation for 1889 show that 
there were 3,631,381 acres irrigated on 54,136 
farms—an average of 67 acres. During the 
following decade the irrigated acreage doubled. 

Since that time the history of irrigation in 
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the United States is one of steady growth. 
The estimated number of irrigated farms in 
the United States in 1907 was 
167,200, and the irrigated area 
amounted to more than 
11,000,000 acres. The total cost of the 
irrigation systems is put down at $148, 200,000, 
and the Department of Agriculture has esti- 
mated the value of crops grown on the 
irrigated lands in that year at $250,000,000. 
The irrigation canals, if joined end to end, 
would girdle the globe thrice. Railroads 
have opened the remotest parts of the desert 
to the markets of the world. The forces of 
Nature have been controlled and utilized. 
Problems of water storage and diversion 
have been worked out to a practical con- 
clusion. The downward rush of the streams, 
the huge dams which impound the floods, and 
even the flow of the largo canals, now furnish 
abundant: electric power for manufacturing 
and domestic uses. The practice of irrigation 


Steady 
Growth. 


is being extended to all parts of the country. 





A TWELVE-HORSE LOAD OF CEMENT FOR THE SALT 
RIVER PROJEOT WORKS, ARIZONA. 
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THE ARID REGIONS OF THE 
UNITED STATES. 


Roughly described, the arid regions of the 
United States may be said to lie between the 
western boundary of the Mississippi valley 
and the Pacific coast. It comprises areas 
differing widely in physical and climatic con- 
ditions. West of the Missouri River is a vast 
region called the Great Plains, extending to 
the foothills of the Rocky Mountains, and 
from the Panhandle of Texas northward into 
aE SHOWING ARID: SEM SRD, AND BUND Canada. Its boundary, as fixed by the ability 

RES ree ere Pirie to produce crops without irrigation, is not 
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clear cut, but shifts from season to season 
backward and forward over a vast range of 
country, extending practically from the 97th 
to the 104th degree of west longitude. This 
broad, indeterminate belt embraces nearly 
one-tenth of the whole United States, ex- 
clusive of Alaska, and is usually known 
as the semi-arid or sub-humid region. Its 
elevation varies from 1,500 feet along the 
eastern border to from 4,000 to 6,000 feet 
near the base of the mountains. It is desti- 
tute of forest cover, and for many years has 
furnished free grazing for numerous nomadic 
flocks and herds. 

Under improved methods of cultivation, 
known as dry farming, settlements have 
gradually moved westward, and large areas, 
which a few years ago were regarded as valuc- 
less except for grazing, are now producing 
average yields. 

Irrigation in the Great Plains began near 
the foothills, where the streams had the greatest 
fall, and where the water could be easily 
diverted. With the increase 
of population, the small ditches 
were linked up and enlarged. 
New and larger systems, including reservoirs 
and important masonry structures, wore con- 
structed, until practically the entire available 
water supply of the Plains streams has been 
appropriated for irrigation. 

The principal rivers of the Plains region are 
the Missouri River and its tributaries the 
Platte and Yellowstone Rivers, and the Ar- 
kansas River and its branches. 
Of the tributaries of the Mis- 
sourl the Platte River is the 
most important. This stream has its source 
in Northern Colorado, where the Rockies attain 
their highest general clevation. Among these 
lofty snow-clad peaks are its two heads, known 
as the north and south forks. The Platte 
River is born in a region of grandest scenery, 
of profound canyons, and of wonderful level- 
floored parks that were once occupied by vast 


The Great 
Plains. 


The Platte 
River. 
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lakes. Fed by melting snows, it gathers volume 
as it passes through gorge and canyon and 
over level beds of uplifted seas, until, on reach- 
ing the foothills, where the gradient diminishes, 
the rushing mountain torrent becomes a stately 
river. Leaving the mountains far behind, it 
emerges on to a vast plain whose horizons are 
1,000 miles apart, and upon whose bosom are 
hundreds of cities and towns separated by 
broad areas of agricultural lands. It drains 
90,000 square miles in three States, and at the 
present time furnishes water to approximately 
2,000,000 acres of land wholly dependent upon 
it for crops. It protects more than 20,000 
farms against drought, furnishing life-giving 
water through 15,000 miles of main canals 
and ditches. A conservative estimate of the 
total value of farms in the drainage basin of 
this river is $100,000,000. With the com- 
pletion of the irrigation works now under way 
in this drainage basin, the entire flood flow 
of the stream in the semi-arid region will be 
controlled. 

The Yellowstone River is the principal 
northern tributary of the Missouri, and, with 
its numerous branches in Wyoming and Mon- 
tana, is an important factor 
in the agricultural development 
of both States. Three-fourths 
of the volume of this stream como from the 
Yellowstone National Park, one of the prin- 
cipal catchment basins in the arid region. 
The park has an area of 2,000 square miles, 
encircled completely by lofty mountain ranges 
with peaks towering from 10,000 to 12,000 
feet above sea-level. The heavy rainfall on 
these mountains contributes, by two great 
rivers, the Missouri and the Snake, to both 
the Atlantic and Pacific Oceans. The agricul- 
tural feature of a large part of five States 
depends upon the quantity, control, and dis- 
posal of these waters. Two large irrigation 
projects of the Federal Government have been 
completed on the Yellowstone, and another is 
under way on the Shoshone River, a tributary. 


The Yellow-~- 
stone River. 
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The Arkansas River, like the Platte, is a 
typical river of the arid regions. It has its 
sources near those of the latter, in the highest 
mountains of Central Colorado, 
and emerges upon the plain 
from one of the most remarkable canyons in the 
world. Its valley comprises two low benches, 
the narrower being a present flood plain along 


The Arkansas. 


SOENE IN THE GREAT PLAINS REGION. 


the banks of the stream. Irrigation is con- 
fined largely to this portion of the valley, and 
extends across the Colorado line into Kansas. 
The Arkansas River supplies water to approxi- 
mately 450,000 acres of land each year in 
Colorado and Kansas, the irrigation works 
representing an initial outlay of not less than 
$6,000,000. 


THE TRUE DESERT. 


West of the Rocky Mountains lies the true 
arid region of the United States, comprising 
an area equal to four-tenths of the whole 
country, exclusive of Alaska. Over the greater 
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part of it, owing to deficient rainfall, agricul- 
ture is wholly dependent upon irrigation. 
Owing to its vast extent, the economic import- 
ance of compensating for the absence of natural 
moisture in order to bring about its proper 
development cannot be estimated. In this 
region the lands are classified as follows— 
irrigable lands, pasturage lands, and timber 





LAND WHICH WILL BE IRRIGATED; 


lands. Irrigable lands usually lie along the 
streams, and comprise only a small part of 
the total. Above the lowlands are valleys, 
hills, and mountain slopes, covered with 
grasses, and affording pasturage for cattle, 
horses, and sheep. On the mountain sides 
and high plateaus are vast areas, heavily 
forested, extending far above the elevation at 
which agriculture can be practised. Various 
estimates of the total irrigable area in the 
arid region have been made from time to time. 
Owing to the fact, however, that our know- 
ledge of the flow of streams and storage possi- 
bilities is yet incomplete, and that largo areas 
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are still unsurveyed, such estimates are only 
mere guesses. It is known, nevertheless, that 
the quantity of land far exceeds the water 
supply. Using present information, it would 
be conservative to fix tho future possibilities 
of irrigation at 30,000,000 acres, or nearly 
three times the acreage now watered in the 
United States. The reclamation of this vast 
area would create a new empire in the West, 
and support in comfort and prosperity no 
fewer than 15,000,000 people. The engineer- 
ing and economic problems involved in a work |= WASTEWAY OF THE IRRIGATION CANAL LEADING 
of this magnitude naturally excite keen interest FROM THE NORTH PLATTE RIVER. 
among scientists and statesmen. The Federal 
Government, the several States, and many [03777 
powerful Corporations are fully awake to its [ - ga es 
importance. An era of irrigation engineering 
has dawned upon the great American desert. 
To adjust the physical conditions of this 
region so that the desert’s resources may be 
fully developed, providing homes for thou- 
sands of people, the Governments of the United 
States and Mexico are now preparing plans for 
stupendous engineering works. In accord with 
the policy urged by Theodore Roosevelt while 
Chief Executive, the flood waters are to be 
conserved in immense reservoirs in Colorado, 
Wyoming, and Arizona, and the whole river 
is to be controllod and its waters diverted 
upon the desert areas in both countries. 











YELLOWSTONE RIVER AND HUNTLEY CANAL, 
MONTANA. 


The canal passes in tunnel through the hill. 


LAWS RECOGNIZING IRRIGATION. 


In order to promote agricultural develop- 
ment of the arid and semi-arid regions, Con- 
gress has enacted at different times three great 
laws—namely, the Descrt Land Act, the Carey 
Act, and the Reclamation Act. . 

By the Desert Land Act, approved March 3, 
1877, Congress recognized that the legislation 
governing the disposal of the public domain 
under which the Mississippi 
valley was settled were not 
effective for the disposal of 
lands producing no crops without irrigation. CANAL OF THE TRUCKEE CARSON IRRIGATION 
This law provided that any citizen of the PROJECT, NEVADA. 


The Desert 
Land Act. 
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TRUCKEE DAM AND CANAL, NEVADA. 


United States of voting age, upon payment 
of 25 cents per acre, and the filing of a declara- 
tion under oath of an intention to reclaim a 
tract of desert land not exceeding 640 acres 
by conducting water thereon within a period 
of three years, could enter such land for his 
own use and benefit. Jt was further provided 
that, at any time within the period of three 
years, the entryman, upon submitting satis- 
factory proof of the reclamation of the land, 
and upon the payment of $1 per acre, would 
receive a patent from the Government. In 
1891 this law was modified in several important 
essentials, and made applicable to additional 
territory. Under the provisions of this law, 
the larger part of the lands now irrigated in 
the West were reclaimed. As a rule the 
irrigation works were constructed by in- 
dividuals, and were inexpensive and simple. 


As administered, the measure has often been 
a vehicle for fraud, and many thousands of 
acres were illegally patented. For several 
years efforts to repeal the law have been made, 
but thus far have failed. 

In 1894 it was recognized that the oppor- 
tunities for reclamation by individual settlers 
no longer existed, and the Carey Act was 
enacted by Congress to en- 
courage States and Corpora- 
tions to take up some of the 
larger engineering works. This law permitted 
each of the arid States to select a million acres 
for irrigation by any means they might choose 
to adopt, and allowed them to create a lien 
upon these lands for the purpose of securing 
their reclamation. Although the law was 
liberal in its provisions, no extensive action 
was taken by any of the States to secure its 


The Carey 
Act. 
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LA GRANGE DAM, CALIFORNIA. 


benefits until 1901. During the last six years 
there has been great activity in many of the 
States in the reclamation of large areas of land 
under this Act. 

Tho last and most important legislative 
measure for the reclamation of the desert was 
the Reclamation Act, which 
became law on June 17, 1902. 
The principal features of the 
Act briefly are :-- 

1, A reclamation fund in the Treasury, 
consisting of the proceeds from the sales of 
public lands in the sixteen arid and semi- 
arid States and Territories. 

2. The Secretary of the Interior is authorized 
to construct works and to Iet contracts, 
provided the money is available in the 
fund. 

3. The return to the fund of the actual cost 
of each project by the sale of water rights, 
payments to be made in a series of instalments 
running over a period of ten years. 

4. The holding of public lands for actual 
settlers under the Homestead Act in small 
farm units sufficient to support a family. 

5. The sale of water rights 1o private land- 
owners, but not for more than 160 acres, 
making land monopoly impossible, and forc- 
ing the division of large estates. 

6. The ultimate turning over to the people 
of the irrigation works, except the reservoirs, 


The Reclama- 
tion Act. 
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to be operated and managed by them under 
a system of home rule. 

The Reclamation Act was passed by Congress 
at a most opportune time. The question of 
providing homes for the rapidly growing popu- 
lation was becoming acute. 
The rapid narrowing of the 
limits of the unoccupied public 
domain, and the tremendous increase in land 
values in all the settled portions of the country, 
combined to make it yearly more and more 
difficult for men of moderate means to secure 
a foothold on the land. The hunger for land 
assumed such proportions that within four 
years 250,000 families, largely from the Middle 
West, emigrated to Canada, whero cheap lands 
were offered by the Dominion Government. 
Immediately after the passage of the Reclama- 
tion Act, the Reclamation Service prosecuted 
the preliminary work of investigation and 
survey with such vigour that in September 
1903 a contract was let, and actual construc- 
tion was begun on one of the important works 
in Nevada. In the comparatively brief period 
of its existence, and notwithstanding the 
enormous extent of the country embraced in 
the arid regions, three-fifths of the United 
States, the Reclamation Service has completed 
surveys and perfected estimates for thirty 
large irrigation projects, all of which have 
been approved by the Secretary of the Interior. 
Of these, ten are completed, and on eleven 
others the construction is advanced sufficiently 
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DAM AT TWIN FALLS, IDAHO, 


to supply water to large areas. On several 
of the large structures the work goes forward 
night and day, and tho rate of progress is 
strikingly at variance with that at which 
Government work usually proceeds. The mag- 
nitude of the works and the remoteness of 
many of them from transportation have offered 
problems calling for the highest skill and 
intelligence on the part of the engineers in 
charge. Several of the larger structures are 
being erected in localities heretofore regarded 
as inaccessible, necessitating the building of 
hundreds of miles of expensive roads, over 
which the heavy machinery and materials 
have been transported. The engineers have 
established towns near these large works, 
with modern waterworks, stores, churches, 
schools, and hospitals. They have built power 
plants to generate electricity for lighting and 
for use in constructing the masonry dams. 
A cement mill has been operated by them for 
three years to supply the cement on one of 
the great works in the south-west. Sawmills 
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under their charge have cut millions of feet 
of lumber from the Government reserves for 
buildings and fuel, and large areas have been 
cultivated and irrigated by them to produce 
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CONCRETE AQUEDUCT OF PEOOS IRRIGATION 
COMPANY, CARLSBAD, NEW MEXICO. 


food for the camps and forage for live stock. 
Several of the structures are of a magnitude 
which places them in the front rank among 
the greatest engineering feats in the world. 


IRRIGATION 


THE UNCOMPAHGRE PROJECT, 
COLORADO. | 


The most spectacular of the large works of 
the Reclamation Service is located in South- 
western Colorado, and is known as the Un- 
compahgre project. Its name is derived from 
that of the valley which is to be irrigated. 

Less than a quarter of a century ago this 
part of Colorado belonged to the Ute Indians, 
and was practically uninhabited by the white 
man. About twenty years ago 
the Government purchased the 
lands of the Indians, whomoved 
elsewhere, and the country was then opened 
to settlement. The region being attractive 
and healthful, the lands were taken up rapidly. 
During the first fow years the Uncompahgre 
River, which traverses the valley, met all needs. 
Irrigation systems were enlarged and extended 
until fully 80,000 acres were watered. Then 
came a period of dry years when the stream-flow 
proved quite inadequate to supply the require- 
ments of any save the earlier settlers. The 
irrigated area decreased, orchards perished, 
and many settlers finally abandoned their 
farms and left the country. It became ap- 
parent in time that the safe limit of irrigation 
year after year from this stream would not 
exceed 20,000 acres. For every acre irrigated 
there were thirty just as good which it seemed 
must always remain desert. The diversified 
crops, enormous yields, and the perfection and 
flavour of the fruits grown would serve to 
keep alive the public interest in this region. 
Investigations and surveys for storage reser- 
voirs were made by many engineers, but actual 
construction was not undertaken until 1903, 
when tho Reclamation Service took up the 
work. 

The problem before the engineers was to 
increase the water supply in the valley. To 
understand that problem one must take note 
of the peculiar character of the country, and 
understand its principal drainage systems. A 


Need for 
more Water. 
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careful study of the Uncompahgre River made 
it apparent that it could not be depended upon 
to furnish the necessary sup- 
ply. Ten miles to the east of 
the Uncompahgre River, and 
following a nearly parallel course for thirty- 
five miles, is the Gunnison River. During all 
those years of drought and suffering in the 
Uncompahgre valley, the ample Gunnison 
River rushed futilely on its way in tantalizing 
nearness, Engineers, dreaming of conquest, 
came and studied, shook their heads, and 
passed on. The Gunnison, flowing for miles 
in a profound gorge more than half a mile 
deep, mocked them from its trough of granite. 

To determine the feasibility of diverting 
the waters of the Gunnison into the valley of 
the Uncompahgre involved some of the most 
difficult and daring surveying and topographic 
map-work ever attempted. It was apparent 
that the diversion, if possible, could be effected 
only by a tunnel with one end in the canyon 
and the other on the Uncompahgre side, driven 
through the intervening Vernal Mesa, 2,000 
feet high. To add to the difficulties, this 
particular portion of the Gunnison canyon 
had never been explored, at least not by any 
one who lived to tell the story. Attempts 
had been made, it is true, but no man had 
ever succeeded in passing through the gorge 
alive. Two men, Government Engineer A. L. 
Fellows and his assistant, W. W. Torrence, 
decided to prepare the necessary outfit to 
make the dangerous trip. The outfit in- 
cluded an inflated rubber mattress, as it 
was easily seen that no boat 
could live in that foaming, 
roaring torrent of waters. On 
this mattress they loaded provisions, instru- 
ments, and photographic materials. Through 
the exciting days which followed they literally 
took their lives in their hands. Nearly every 
moment was filled with heart-breaking hard- 
ship. For a part of the trip a party followed 
along the top of the canyon—a useless expe- 


A Tough 
Problem. 
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PROFILE OF GUNNISON TUNNEL, UNCOMPAHGRE 


dient, as Fellows and his companion were so 
far below that no human voice could reach 
them. Mr. Fellows prepared his notes with 
care, took many photographs, and developed 
the negatives at night. All papers and photo- 
graphs were carefully wrapped in oilskin and 
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VALLEY PROJECT, COLORADO. 


attached to his person. After several days 
they finally emerged from the canyon by way 
of the Devil’s Slide, a weary climb requiring 
several hours for its accomplishment. They 
escaped with their lives and precious notes 
and photographs : their mattress, instruments, 
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WHEAT ON LAND IN THE NEIGHBOURHOOD OF 
THE GUNNISON RIVER TUNNEL. 


cameras, and provisions went down with the 
floods. The notes contained data sufficient to 
indicate the feasibility of diverting the Gunni- 
son, for they showed that the elevation of that 
stream was considerably above the Uncom- 
pahgre valley. 

The final mapping of the canyon by En- 
gineer I. W. M‘Connell was fully as exciting 
and dangerous as the exploration work of Mr. 


Fellows. Mr. M‘Connell had 
Difficult +4 be lowered into the canyon 
Levelling 

Work. so that he could make a map 


of it—a real topographic map, 
with contour lines, levels, and bench marks, as 
clear and easy to trace as any good map of a 
ward of a city. Then he established precise 
levels at both ends of the proposed tunnel. 
Only an engineer can appreciate the difficulty of 
this job. To aid the layman’s understanding, 
a few of the details which M‘Connell had to 
consider are appended. First, the tunnel 
must be planned with the exact slope necessary 
to carry the proper amount of water into the 
valley. To do this, levels had to be run over 
the mountain to the valley, and back from 
the mountain to the bottom of the canyon. 
The work was repeated again and again, and 
measurements were taken each time until the 


exact slope required had been determined. 
(1,408) 


This was really only preliminary to the more 
difficult task of ascertaining the exact length 
of the tunnel. Between the ends of the bore 
is & hill 2,000 feet high, as rough a bit -of 
country as lies out of doors. The tunnel goes 
right through that hill, M‘Connell first meas- 
ured it by triangulation, and then “ slope 
boarded ” it. The latter process is the easier 
to understand, as it is used to determine the 
horizontal distance between the head and the 
foot of a flight of stairs. M‘Connell and his 
men followed a plan similar to this. They 
had a long board scaled off to a hair’s-breadth. 
In the middle of the board was set a spirit- 
level, so that the measuring edge of the board 
could be set true. With a man at each end 
of the board, and one at the middle to watch 
the spirit-level, they started from a precisely 





GOVERNMENT ROAD INTO GUNNISON OANYON, 
COLORADO. 


This road, one of the most remarkable highways in the 
world, was made to enable materials for work on the Gunni- 
son Tunnel to be brought to the scene of operations. 
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defined point at the top of the hill and meas- 
ured downhill each way. One end of the 
board was placed on the point, and raised or 
lowered until the middle man said “ level.” 
Then the man at the outer end would drop 
a plumb-bob and mark the spot directly be- 
neath the end of the board. The board would 
then be reversed, the outer man would take 
the stake, and the stake man would drop the 
plumb-bob. If the plumb-bob did not hit 
the same identical spot that it had marked 
before, something was wrong, and they began 
all over again. Having agreed upon the pre- 
cise distance and marked it permanently, the 
new mark was taken as a base, and the 
process was repeated until the whole distance 
had been covered. It required many weeks 
of nerve-racking labour to complete this 
work. When it was finished, the plans were 
drawn, sent to Washington, and approved. 
The order came quickly to begin construction. 

An interesting phase of the early work was 
the building of a road sixteen miles in length 
to get into the canyon. This is one of the 
most remarkable highways in 
the world, having in places a 
grade of 24 per cent. out of 
the canyon. Heavy machinery was hauled over 
this road, and a power plant was installed. 
Lumber and materials for buildings were 
brought in, and a town of 600 persons sprang 
up in the bottom of the canyon, where, during 
several months of the year, the sun shines 
only a few minutes each day. 

Another town was established at the valley 
portal, and more than a thousand men started 
in at three openings of the tunnel. A world’s 
record has been made on this 
work, 823 feet having been 
excavated in a single month. 
One gang of labourers drove .7,500 feet in one 
year. The enterprise has been attended by al- 
most every difficulty ever encountered in tunnel 
excavation. Gas, cave-ins, and subterranean 
springs have interposed obstacles requiring the 
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utmost care to overcome them. Unusually 
heavy flows of water have greatly delayed 
progress, necessitating the installation of heavy 
pumping machinery. As many as 750,000 
gallons have been pumped out of the tunnel 
in twenty-four hours. 

The Gunnison Tunnel will be 30,000 feet in 
length, with a cross-section of 103 by 11} 
feet, and be cement-lined throughout. Its 
completion is expected in July 1909. It will 
have a capacity of about 1,200 cubic feet per 
second. Simultaneously with the work of 
tunnelling the mountain—all of which has been 
done by the Government—the contractors have 
completed an elaborate canal system, many 
miles of which have been lined with cement 
owing to the unfavourable nature of the 
ground. The Uncompahgre project contains 
150,000 acres of very fine land, of which prob- 
ably 60,000 acres are fit for the growing of 
fine fruit. The orchard lands in bearing are 
to-day selling at from $500 to $1,000 per acre. 


THE SALT RIVER PROJECT, 
ARIZONA. 


In comparison with other important irriga- 
tion works of the Reclamation Service the Salt 
River project in Arizona ranks first in magni- 
tude, prominence, and variety of its engineer- 
ing features. The area to be irrigated lies 
in the lower valley of Salt River, surround- 
ing Phenix, the capital and principal city of 
the Territory. The project embraces approxi- 
mately 250,000 acres. Of this acreage, the 
old canals furnished an insufficient supply for 
less than 100,000 acres. 

In order to augment the deficient normal 
flow of Salt River, and to increase materially 
the irrigable area, required an expenditure 
beyond the means of the people 
living in the valley. Engineers 
of the Government made a 
thorough investigation of the water supply 
and possibilities of storage. Their plans were 
finally approved, and actual construction began 


The Roosevelt 
Dam. 
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in April 1904. The principal engineering 
structure is known as the Roosevelt Dam, one 
of the highest dams in the world. Its location 
is seventy-five miles north-east of Phenix, 
in an almost inaccessible region, which for 
many years has been the favourite haunt of 
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ROOSEVELT DAM AND POWER PLANT, ARIZONA. 


This dam is one of the highest in the world, being 286 feet from foundations to parapet. 
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heavy machinery required for the construction 
of the dam, the grade of the road throughout 
its entire lengitl up the canyon does not exceed 
four per cent. An interesting feature in con- 
nection with the building of this road was the 
employment ‘of the Apache Indians on the 


It will impound 456,190,000,000 


gallons in a reservoir having an arca of 254 square miles. Somo 20,000 horse-power will be developed in the power house at 


the foot of the dam. 


the hostile Apache Indians. Before construc- 
tion was commenced, it was necessary, owing 
to the remoteness of the dam site from a rail- 
road, to construct a first-class wagon road 
across the desert, and for forty miles through 
a wild and rugged mountain country. This 
road is regarded as one of the most pic- 
turesque highways in the country, as well 
as one of the best pieces of road work ever 
done by engineers. In order to bring in the 


work. Many of these Indians were noted 
marauders and cattle thieves, and not a few 
were suspected of murder. 
During the two years they were. | eae 
abourers. | 
actively employed—at times ~— 
to the number of several hundred—they proved 
industrious and faithful, and the quality of 
their work was even better than that of the 
white labouters. The road completed, a large 
camp was established at the entrance of Salt 
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A PORTION OF THE CONCRETE-LINED CANAL NEAR 
ROOSEVELT DAM, SALT RIVER PROJECT. 





AN APACHE, “ FAT HEN,” ONE OF THE INDIANS 
WHO PROVED SUCH GOOD WORKMEN ON THE 
SALT RIVER IRRIGATION PROJECT. 





WAGON ROAD NEAR ROOSEVELT DAM, ARIZONA. : 
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River canyon, and the work of erecting 
the Roosevelt Dam began. The site of 
the dam is in a narrow gorge cut by 
the river through a lofty ridge of sand- 
stone, which supplies the material for this 
structure. 

The dimensions of the Roosevelt Dam are 
impressive. Its base covers about an acre of 
ground. From foundation to parapet it rises 
286 feet. At the base it is 235 feet and on 
top 1,080 feet in length. It is constructed of 
rubble masonry, and is of the arch gravity 
type. It will consume 240,000 barrels of 
cement. On account of the isolated location, 
the cost of delivering cement was found to be 
prohibitive, so the Government erected its 
own plant just above the dam site, where 
there was an outcrop of limestone of first-class 
quality. For the past three years the mill 
has been in operation, furnishing an excellent 
cement to the contractor. ” 

There being no fuel within thirty miles of 
the camp, it was necessary to provide water 
power to operate the mill and the contractor’s 
plant. A concrete dam, built 
in the river about seventeon 
miles above the camp, di- 
verted water into a cement-lined canal, at 
the lower end of which the water falls through 
a tunnel to turbines 220 fect below, and gener- 

horse-power for various 
The Roosevelt Dam is being constructed for 
a twofold purpose—storage and power develop- 
ment. When completed it will create the 
largest artificial body of water in the world. 
The superficial area of the reservoir will be 
25°5 square miles, and its capacity approxi- 
mately 456,190,000,000 gallons. It is estimated 
that 20,000 horse-power will be developed by 
the dam. A large part of this is to be used 
to pump water from wells to lands above the 
gravity canals. A transmission line has been 
built through the mountains and across the 
desert, one branch extending to the Pima 
Indian Reservation. It is proposed to supply 
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power to the Indians for the irrigation of 
10,000 acres. 

Forty miles below the storage dam, the 
Granite Reef Dam has been completed to turn 
the flow of the river into canals on either side. 
This structure is a rubble concrete weir 38 
feet high and 1,100 feet in length. 

All of the old canals in the valley have been 
absorbed by the 
Government; many 
have been enlarged 
and extended. The 
engineers are now 
operating here one 
of the most up-to- 
date irrigation sys- 
tems in the world. 
The total length of 
the main canals and 
laterals is more than 
276 miles. The esti- 
mated cost of this 
project, which will 
be completed early in 
1910, is $6,500,000—£1,300,000 sterling. 


CONTROL GATES OF MAIN CANAL, SHOSHONE 
PROJECT, WYOMING. 


LARGE IRRIGATION WORKS OF THE 
FEDERAL GOVERNMENT. 

In addition to the engineering works of the 
Uncompahgre project in Colorado, and tho 
Salt River project in Arizona, which have 
been mentioned in some detail, 
there are many others worthy 
of description. Among these, 
the Shoshone Dam, in Northern Wyoming, 
takes rank as the highest masonry dam in 
the world. It blocks an exceedingly narrow 
chasm in which the Shoshone River flows 
between cliffs of granite. The canyon walls 
rise almost perpendicularly 2,000 feet above 
the stream. The Shoshone Dam will stand 
328°4 feet above its foundations. Its length 
at base is but 65 feet, on top only 200 feet. 
It creates a storage reservoir covering 10 square 
miles, and holding enough water to cover 
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576,000 acres a foot deep. A concrete diver- 
sion weir in the river at a point eight miles 
below the Shoshone Dam turns the stream 
into a tunnel 3} miles in length, through 
which it passes to a large canal feeding the 
irrigable lands below. Approximately 150,000 
acres of desert will be reclaimed by these works. 
On the Missouri River, in North Dakota, 
the Government has 
a very unique pro- 
ject utilizing the 
waters of the Mis- 
souri River by pump- 
ing. Owing to this 
stream constantly 
changing its channel, 
no permanent struc- 
tures could be con- 
structed in the banks. 
A pumping plant was 
set up on a floating 
barge connected to 
the shore by flexible 
pipes. The water is 
pumped into a settling basin, and thence led 
to the distributing canals. Power is supplied 
from a power station located near a coal mine, 
the fuel being mined by the Government. 
Twelve miles above Yuma a dam of the 
India weir type has been built across the 
Colorado River, to divert water into canals 
on both sides. This structure, 
which rests on the sandy bed 
of the river, has a total length of 4,780 feet, 
is 19 feet high, and has a width up and down 
stream of 256 feet. Its approximate weight 
is more than 600,000 tons. Original devices 
are utilized to take care of the excessive 
amount of silt which the Colorado carries. 
A daring piece of engincering in connection 
with this project is contemplated, by which 
a large amount of water is to be carried from 
the California side through a siphon under 
the Colorado. River to supply lands in Arizona. 
A summation of the work of the Reclama- 


Yuma Dam. 


102 


tion Service up to January 1, 1908, shows that 
it has dug 3,458 miles of canals. Some of these 
canals carry whole rivers, like the Truckee 
Sime: River in Nevada, the North 
Platte in Wyoming, and the 

Belle Fourche in South Dakota. The tunnels 
excavated are fifty-eight in number, and have 
an aggregate length of 84,630 feet. Moré 
than three hundred large structures, including 
the great dams in Nevada, Idaho, Wyoming, 
Washington, and Arizona have been erected. 
It has built 338 miles of wagon roads in the 
mountainous country and in heretofore in- 
accessible regions. It has established and 
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has in operation 983 miles of telephone. Its 
own cement mill has manufactured 150,000 
barrels of cement, and its sawmills have cut 
more than 3,000,000 feet B.M. of lumber. 
There have been excavated 54,890,000 cubic 
yards of earth and rock. The total expendi- 
tures of the Service at the close of the fiscal 
year, June 30, 1908, were nearly $42,000,000. 
The acreage actually supplied with water by 
the irrigation works constructed approximated 
1,000,000. It is estimated that as a result of 
the activities of the Government, more than 
10,000 families have already taken up their 
homes in the desert, 





IRRIGATION BY PUMPING, WILLISTON PROJECT, 
NORTH DAKOTA. 
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BY 


A NEW YORK ENGINEER. 


‘This Article tells how Engineers have solved to a large extent the Traffic 
Problems created by the fact that wide expanses of water separate the main 
business centre of New York from the neighbouring shores of Long Island and 


New Jersey. 


WO cities are pre-emirient as centres 
of subaqueous tunnelling—London 
and New York. The Thames, and 

the much broader Hudson and East Rivers, 
which split up their respective 
cities, furnished the oppor- 
tunity, while the demand for 
transit facilities created the 
necessity, for river tunnels. 
Underground railways—those great modern 
instruments of urban rapid transit—supplied 
the chief stimulus for tunnels in both cities ; 
for, while streets can more easily cross a 
river by way of bridges, and surface or ele- 
vated railways are still better adapted to 
bridge crossings, an underground railway will 
generally find it easier to dip into a tunnel 
than to rise up to a bridge. Of the seven- 
teen river tunnels in New York city, all but 
two were built for railway use. 

London is the birthplace of shield tunnel- 


Sub-River 
Tunnels in 
London and 
New York. 


ling, and British engineers have been fore- 
most in developing the art. New York, 
however, has presented by far the most diffi- 
cult problems in subaqueous tunnelling, and 
the tubes under the Hudson and East Rivers 
rank among man’s greatest triumphs of 
tunnel construction. The seamed and faulted 
rock of the East River, and the soft, flowing 
mud which forms the bed of the Hudson to 
a great depth, are formidable obstacles, over- 
come only by the exercise of admirable courage 
and. skill joined with never-ending patience. 
Add to this the fact that the New York work 
has all been done in very recent years, and 
we may fairly conclude that in order to 
learn of the wonders of compressed-air shield 
tunnelling we must study the tunnels of New 
York. 

A good notion of the location of the tun- 
nels may be obtained from the enlarged 
sketch-map of the lower part of Manhattan 
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Borough shown in Fig. 1, wherein they appear, 
and also the routes of their land pro- 
longations. They form an excellent rapid- 
transit network; and if we look into the 
future a little optimistically, we may see 
further tunnels and new land lines connecting. 
with them, to form an underground rapid- 
transit system commensurate with the exten- 
sive street-railway network and the four 
north—south lines of elevated railway. 

But to turn to the story of the con- 
struction of the tunncls. The first tunnel 
under the Hudson was completed only in 
1903, though it had been begun thirty 


Fig. 1—MAP OF LOWER PART OF MANHATTAN 
BOROUGH, NEW YORK CITY, SHOWING ROUTES 
OF THE PRINCIPAL TUNNELS AND THEIR LAND 
EXTENSIONS. 
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Fig: 2.—BUILDING A TUNNEL ROOF ON THE SURFACE, A SPECIAL METHOD USED ONLY FOR THE 
HARLEM RIVER TUNNEL OF THE NEW YORK SUBWAY. 


The finished roof was lowered down on sheet pile side walls, and the tunnel excavated and finished inside the 
protecting box thus formed. 


THE RIVER 


years before—the 
old Morton Street 
Tunnel, now the 
upper Hudson 
Tunnel. That his- 
toric enterprise 
has the proud dis- 
tinction among 
New York’s river 
tunnels of being 
the first to be at- 
tempted, and the 
first of its soft- 
ground tunnels to 
be completed. 
However, during 
the long periods 
when it lay 
idle, half-finished, 
paralyzed either 
by hopeless con- 
struction difficul- 
ties or by equally 
hopeless lack of 
money, two tun- 


nels were dug and shape of lining, is of the utmost importance. 
under the rock 
portions of the 


operation. 
East and Harlem 


Rivers, and in one of them the pneumatic 
shield method found a notable application. 
We cannot better begin our 


ae study than by a brief glance 
eee ce at. these two works, which 
present highly instructive 


similarities and contrasts. 
The second Croton Aqueduct, instead of 
crossing the Harlem on a bridge like its pre- 
| decessor of forty years before, 
The Croton was planned to cross by tunnel. 
ale ee The shores are rocky bluffs, 
lem River), ®2d it appeared that at no 
great depth solid rock would 
be found across the whole width of the 
river-bed. Test borings were first made, of 
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directly upon the frequency and exactness of the surveys. 
lock, engaged ‘in prolonging the tube centre lino into the compressed-air section, a difficult 


105 


ve Sa reg rite 
‘a ul ag y { 
cw canon aus Haan caters one aie 
Oe er OP" aly 
P to ky : : 


Fig. 3.—ONE PHASE OF THE SURVEY WORK IN A TUNNEL. 
The survey work, including constant checking of alignment, levels, distance out from shore, 


The accuracy of tunnel-driving depends 
This shows a transit-man in an air- 


course, and on their showing the tunnel was 
planned to be dug 150 feet below water level. 

But when the contractor, after sinking his 
shore shafts and starting his tunnel riverward, 
had advanced but one-fourth of the way, 
he encountered soft material occupying a 
depression in the rock surface. As this 
tunnel was to serve as a water - conduit 
under very high pressure, it was best to 
have it in solid rock; and since the water 
could flow just as well at a lower level, it 
was permissible to go down deeper until sound 
rock was obtained. The tunnel was finally 
put through successfully at a depth of 300 
feet, the partly- finished drift boing aban- 
doned. At the great depth of the tunnel, any 
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water leaking through from the river would 
have been under the great pressure of 130 
lbs. per square inch. But no trouble of the 
sort occurred, and as a historian of the work 
says, “‘ The tunnel was so dry as to be dusty.” 
This tunnel is 10} feet in diameter and 
1,250 feet long, lined with brick all the way. 
It has served the city continuously since its 
completion in 1888. 
Five years after the Croton Aqueduct Tunnel, 
& gas company began driving a tunnel under 
the East River to carry gas 


The East trom its works in Long Island 
River Gas. te 4a: “Manbatt Island 
Tunnel, City to Manhattan Island, 


the old city of New York, and 
now the central part of the greater city. 
The location was fixed at Seventieth Street, 
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Manhattan. The rocky shores, and the rock 
island (Blackwell’s Island) which here divides 
the East River, gave promise that a tunnel 
would pass through rock uninterrupted by 
soft soil and water—the tunnel builder’s 
bugbears—and test borings seemed to confirm 
this. An Englishman, Mr. Charles M. Jacobs, 
was appointed chief engineer. 

It was planned to excavate a passage 10 
feet by 8 feet, through which several large 
gas mains could be laid. Shafts were sunk 
on both banks, and the tunnel started outward 
at a depth about 100 feet below water level. 
But after only a few hundred feet advance 
both sides ran into soft ground. The two river 
channels, it was found, were geological “fault” 
lines, in which the nearly vertical strata of 
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Fig. 4.—ANOTHER PHASE OF THE SURVEY WORK IN A TUNNEL. 


Men engaged in checking the levele, and in measuring the horizontal diameter, to note whether the pressure above 
has flattened the tube. 


THE 


’ 
‘ 
4 





Fig. 5.—COMPRESSED-AIR HOSPITAL, IN WHICH MEN 
ATTACKED BY THE “BENDS” ARE PUT UNDER 
AIR PRESSURE TO CURE THEM BY VERY SLOW 
DECOMPRESSION. (PENNSYLVANIA RAILROAD 
HUDSON RIVER TUNNELS.) 


rock were separated by rock which had been 
ground up and decomposed to a soft, earthy, 
water-bearing residue. 

The engineers first tried driving forward 
into the soft material with careful “ timber- 
ing ”’—that is, sheeting the roof, sides, and 
face with boards supported 
inside, and digging away cau- 
tiously with only a small area of soil exposed 
at any one time. But the tremondous inward 
pressure of the water softened the soil so much 
that it soon became impossible to advance 
further, even with the use of arched steel 
roof plates (Fig. 6). 

Compressed air was resorted to. A _ bulk- 
head wall of brick, 6 feet through, was built 
across the finished part of the tunnel, and 
compressed air forced into the “ heading” to 
hold back the inflow. Even this proved in- 
sufficient, however, to control the semi-fluid 


A Check. 
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mud and water, and ultimately it was necessary 
to employ the powerful agency of shields. 

A shield, 10 feet 10 inches outside diam- 
eter and 7 feet 2 inches long, was built 
in a recess of the brick lining, under the pro- 
tection of a heavy timber wall closing off 
the face. With this the work went through 
successfully. But it was by no means easy 
even now. The following interesting passage 
from a paper by the engineer in charge, 
Mr. W.‘I. Aims, mentions some of the troubles 
encountered in the New York heading :— 

‘‘ At the point where the shield entered the 
soft black mud on top there still remained 
about 12 feet of hard rock in the bottom. 
Blasting had therefore to be continued in the 
bottom pockets of the shield after the top had 
entered the much-softened material. It was 


with great difficulty that the bottom pockets 
could be kept clear of the black slush from 
overhead. The material had become so soft- 
ened along the rock face that it was almost 
impossible to confine it, and several rushes 
of inflowing material occurred, until finally 
an open connection with the river was estab- 
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Fig. 6.—WORKING IN SOFT GROUND WITHOUT SHIELDS. 
(EAST RIVER GAS TUNNEL.) 


Steel lining plates, supported by struts on a longitudinal 
timber, were put in as the face excavation progressed, and a 
strong brick lining was added inside the steel-plate work. 
The method soon proved inadequate, and shields had to be 
used. 
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lished, and the tunnel] was visited by crabs 
and mussels, together with boulders, old 
boots and shoes, brick and tinware, direct 
from the river bottom. Notwithstanding 
these adverse circumstances, the work was 
still progressing, though in 45 Ibs. of com- 
pressed air. On December 13, 1893, the 
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Fig. 7.—SECTIONAL VIEW OF HUDSON RIVER SHIELD, 
‘ SHOWING PROJECTING ROOF FOR PROTECTING WORK- 
MEN WHILE BLASTING OUT A REEF OF ROCK. 
(By courtesy of the “ Scientific American.” 


shield finally cleared the rock, and was fully 
entered into the mud. The main difficulty 
was now surmounted, the work progressed 
more rapidly, and the shield soon reached 
undisturbed material, which was found to 
be quite dry and hard. Mattocks were 
used in the working chambers by the men, 
who would clean out these four compart- 
ments to within a foot of the cutting edge. 
As soon as this was done hydraulic pressure 
was put on the jacks, sometimes to the 
amount of 5,000 lbs. per square inch, and 
the shield forced ahead 16 or 18 inches, 
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enough for another ring of plates, the work- 
ing chambers again being filled with the 
displaced material. On December 24 the 
last of the black mud was passed through. 
On January 16, 1894, the end of the soft 
seam was reached with the shield, and rock 
was again entered, after having passed through 
98 feet of soft ground.” 

The tunnel was completed late in 1894. 
Most of its length was in rock, and the shields 
of both sides were taken out as soon as the 
soft ground was safely passed. Of the tunnel’s 
whole length of 2,516 feet—half a mile—all 
but some 400 feet was a simple, uneventful 
piece of rock tunnelling. The great expense 
of the shield and compressed air had to be 
incurred merely to make possible the passage 
through four 50-foot seams of soft soil. 

The East River Gas Tunnel is notable for 
the highest air pressures ever used in Ameri- 
can tunnelling: 48 and 50 lbs. per square 
inch were carried at times. With such 
enormous pressures—working becomes danger- 
ous at 30 lbs.—fatal cases of “bends” can 
hardly be avoided, and here, in spite of the 
short duration of the pneumatic work (barely 
five months), there were four deaths from the 
effects of the air. Sig e that period, more 
careful medical inspecti§ and regular use of 
the “hospital lock” (fig. 5) have much 
reduced the mortality. 


TILE HUDSON TUNNELS OF THE HUDSON AND 
MANHATTAN RAILWAY COMPANY. 


The great $70,000,000 Hudson and Man- 
hattan Railway system began as long ago as 
1873, but in a very diiferent scheme. A 
bold enthusiast, D. C. Haskin, conceived the 
idea of tunnelling under the Hudson so as to 
bring directly into New York all the railways 
terminating on the New Jersey shore. He 
thought that shiclds were unnecessary, and 
that compressed air alone would enable him 
to construct his tunnel even in the treacherous 
river mud. He even undertook the work as a 
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double-track tunnel, though he later changed 
over to two single-track tunnels of elliptical 
shape, 16 feet by 18 feet. 

This early project, which we now consider 
foolhardy, seemed to be opposed by the very 
fates. Five years were first consumed in 
litigation over rights. Then, 
in 1880, after work was again 
started at the New Jersey end, 
a disastrous “ blow-out” oc- 
curred close to the shore shaft. The roof of 
the tunnel, lined only with thin steel plates, 
caved in suddenly under the pressure of the 
water-charged soil above and blocked the 
air-lock, the tunnel was flooded by the in- 
rushing water, and twenty men who could 
not escape through the air-lock were drowned. 

The greatest interest in the early work in 
this tunnel lies in the fact that, though lacking 
the aid and protection of shields, the engineers 
actually succeeded in building some 1,800 feet 
of the north tube and 600 fect of the south tube. 
This was accomplished during the period 1881 
interrupted by 
money troubles and other mischances. The 
method of excavation first used was simply 
to start at the top, dig out a small space, 
put in a section of plating one quarter of an 
inch thick, and continue downward until the 
whole ring was in place. Meanwhile, how- 
ever, the next ring had been started at the 
top, etc., so that the face was a series of 
terraces. One great trouble with this method 
was that it allowed the plating to settle before 
the ring was completed and the 24-inch brick 
lining was laid. The clay face, being so large 
in area, had to be watched very carefully to 
detect holes—which the compressed air tended 
to produce—and seal them before they could 
grow. 

Then the “pilot tunnel’ method was in- 
troduced by Mr. J. F. Anderson, and there- 
after used (Fig. 8). It employed a small 
6-foot steel-plate tunnel, 50 or 60 feet long, 
with half its length in advance of the main 


The ‘* Old 
Hudson River 
Tunnel.’’ 


to 1887 in several stages, 
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face, on the precise axis of the main tunnel. 
The small tunnel was very much easier to 
construct, and its rear part 
served as a support for radial 
braces supporting the lining 
of the main tunnel. As the brickwork of the 
main tunnel set, the radial strutting could be 
taken out and the rear of the pilot removed 
plate by plate and re-used at the forward end. 


A Pilot 
Tunnel. 
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Vig. | 8.—SKETCH ILLUSTRATING THE PILOT TUNNEL 
METHOD, BY WHICH THE OLD HUDSON RIVER 
TUNNEL WAS BUILT FOR 1,800 FEET. 


While the “pilot”? method did much to 
prevent settlement out of line, it did not 
keep the tunnel satisfactorily straight, and 
later on much cutting and patching had to 
be done on this account. Also, it was not 
nearly so safe, rapid, and cheap as shield work. 

A new stage began in 1889 with new blood 
both as to money and as to engineers. An ex- 
perienced English firm of contractors, 8. Pear- 
son and Son, took charge, and immediately 
prepared for working by the shield method. 

A wonderful achievement marked the com- 
mencement of their work. The men had to 
enter the abandoned tunnel, and at its outer 
end, one-third the way across 
the river, dig out a chamber 
in the mud large enough to 
enable their shield to be set up. The mud 
had caved in; and as they dug away, more 
followed from the river bottom till work 
became impossible. Then Mr. E. W. Moir, 
an engineer for the contractors, made a large 
canvas balloon filled with hay and clay, and 
dropped it from a scow into the hole in the 
river bottom. This blocked the gap success- 
fully, and the workers in the tunnel, after 
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Fig. 9.—FRONT FACE OF A HUDSON TUNNEL SHIELD 
AT THE END OF ITS JOURNEY. (Its battered condi- 
tion testifies to its hard service.) Fig. 10.—con- 
CRETE-LINED APPROACH SECTION IN ROCK, LOWER 
HUDSON TUNNELS. Fig. 11.—sURFACE VIEW OF A 
TUNNEL CAVE-IN IN SOFT GROUND. (This occurred 
in the Weehawken or west approach section of the 
Pennsylvania Hudson River Tunnel, where it 
passes under the Erie Railway freight yards.) 


ENGINEERING WONDERS OF THE WORLD. 


cutting away as much of the balloon as had 
settled into the opening, could build a chamber, 
with the help of 42 lbs. air pressure. Then 
the shield was erected ; soon it was pushing 
ahead toward New York, and a substantial 
cast-iron lining was erected behind it as it 
proceeded. 

The work progressed rapidly, as much as 
ten feet inaday. By the fall of 1891 the north 
tunnel had been extended to nearly 4,000 feet 
from the New Jersey shore. Then suddenly 
the great Baring Brothers’ failure in London 
cut off the money supply, and the work 
stopped. 

Another period of ten years of idleness 
followed, and again new hands took up the 
work. In 1902 Charles M. Jacobs, who eight 
years before had directed the 
East River Gas Tunnel, took 
charge. His skill was soon 
tested, for the shields encountered rock—a 
submerged peak near the New York shore. 
To blast out the sloping rock in the lower 
part of the face, while the top of the shield 
was still in flowing mud, was a task of the 
same kind as recounted above for the Gas 
Tunnel. By extending the horizontal plat- 
form forward at mid-height of the shield to 
form a protecting apron (Fig. 7), the work 
was accomplished successfully, though very 
slowly. On a part of this rock work also the 
novel plan of baking the mud face with torches, 
to prevent it from flowing, was used. Dump- 
ing clay in the river to form a thicker and 
less porous cover over the tunnel was also 
necessary at times. In 1904 the shield of the 
north tunnel met the short heading which had 
been driven west from the New York shaft. 

A beautifully effective method marked the 
progress of the south tunnel, which had mean- 
while also been taken in hand. When its 
shield was well started in the 
river mud, the engineers con- 
ceived the bold idea that it 
would not be necessary to dig out the soft 


Baking 
the Mud. 


Phenomenal 
Speed. 
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soil, but that the shield could force it aside, 
as a pointed pencil might be shoved into a 
mass of clay. The scheme was so successful 
that a simply phenomenal speed of progress 
was attained. On the best day, in fact, the 
shield advanced 62 feet in twenty-four hours. 
But even this was exceeded later on in the 
lower tunnels, where the record advance of 
72 feet in one day was made by the same 
method. 

The south tunnel was “holed through” 
late in 1905. 1n the meantime other shields 
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Fig. 12.—cRoss-skCTION THROUGH STATION BETWEEN 
TWO TUNNEL TUBES, BUILT BY AN INGENIOUS NEW 
METHOD, (UPPER HUDSON TUNNELS, LAND SEC- 
TION.) 


1, The two tunnels driven and lined. 2. Station roof 
section then tunnelled out by use of a small roof shield 
resting on the two tubes, and a cast-iron arched roof placed 
behind this shield. 3. The space under the roof excavated, 
down to the platform level. 4, The tunnel shell removed 
along tho excavated space, and replaced by columns and 
girders to carry the roof of main and intermediate tunnels. 
f. A concrete platform floor put down at the level of the 
car floor. A stairway up to the surface at one end of the 
platform completes the station. 


had been started landward from the New 
York shore shaft, to construct the land section 
of the tunnel railway system. Here sand 
was encountered, almost as dangerous and 
dificult as the river mud; and the work 
caused more anxiety, because it passed under 
the foundations of columns supporting an 
elevated railway, and under house founda- 
tions, and the like. 

An amusing incident occurred in this land 
work. The compressed air could not be 
retained at the shield with absolute tightness, 
but some constantly bubbled up through the 
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sand. Where the shield passed under a 
house the air would filter up into the dwellings. 
In one case a sewing-party in 
a basement room was sud- 
denly terrified by seeing the 
carpet bulge upward as though the earth 
were rising, and then subside again, while a 
blast of air made itself felt. The people were 
unaware of the tunnel work going on under 
them, and did not know until afterwards that 
an usually large leak of air from the shield 
was the cause of this ghostly phenomenon. 

Of the many novel schemes worked out in 
building these tunnels, one example is pic- 
tured by our sketch (Fig. 12). It shows the 
strikingly simple method by which station 
platforms were constructed in the intermediate 
space of the pair of land tubes. 


An Amusing 
Incident. 


THE LOWER HUDSON TUNNELS. 


About the time the old Hudson Tunnel was 
started toward completion, in 1903, there was 
coupled to it an enterprise for two tunnels 
under the Hudson some two miles farther 
south. These lower Hudson tunnels are now 
nearly finished. They start on the New 
Jersey shore in a solid rock excavation (Fig. 
10), seventy feet below water, directly under 
the Pennsylvania Railroad train-shed at Jersey 
city, and thence diverge eastward, the north 
tube leading to Fulton Street, the south tube 
to Cortlandt Street, in New York. A cross- 
connection forms a terminal loop for the 
trains at the New York end; while at the 
New Jersey end they turn northward by a 
land tunnel, and finally join the upper tunnels. 

The methods of working have been exactly 
the same as those used in the simultaneous 
work of the upper tunnels. The shields used 
are about 17 feet in diameter, and the cast- 
iron lining of the tunnels is 16 feet 7 inches 
outside; but the north tube of the upper 
tunnels has a larger diameter, about 19 feet, 
on account of its connection with the old 
work, The New Jersey land tubes were also 


ee empet ie = * A eat eat anc ened AEE wren 
a! 4 arr “¥ ‘ha _ " A “ “te 
ee en ~ wt oF 
4 
ei MoS wy 


ae 


Y tats 
np 


= an “peti hgh 3 aay wa 
eae “es 


ey nt ciake tally 
nie “EIS? secre hey: a;hasster para 
bade sit ee i eer 4 x 4 z= MH 


os See 
pret wil 4 aS Pigah 
- nen tied Ec a vet 


‘ “rhe H . 
: Byles ‘ gaits ue : nace 


1 wy 


foe at ef 
: carn paret ee : Sa 


may 
1 


¥ 


‘s 3 


captors Pee oe 
el Fa Seg es 


ioe Be 
TALES 


y 


ik Se NRW Hee ch 


% * ? aa Ad ce fo; 


ey 





ENGINEERING WONDERS OF THE WORLD. 


ee a kd ets “ 


: ne i a ke pe eh 


PEs at ; 
A bis, Pio ie 
a 


. 
Taare meng ne ae 
us 


i} rit * 


fig. 13.—HUGE DOUBLE-DECK CAISSONS AT JUNCTIONS OF HUDSON RIVER TUBES WITH THOSE ALONG 
THE JERSEY SHORE. 


These caissons, built of reinforced concrete, are 45 feet wide, 45 feet deep, and 1064 feet long, and provide a double-deck 
system which eliminates dangerous cross-overs between trains running in opposite directions. 


driven by shield, being in soft soil, below 
saturation level. One of these land shields is 
seen in Fig. 9, after its entry into a junction 
caisson built of concrete, when its work was 
ended. 

The south or Cortlandt Street tube of the 
lower tunnels reached the junction of its 
headings in January 1909, the north tube in the 


spring of the same year. Each tube is a mile 
long between river banks, and its shield- 
tunnelled length is 5,900 feet. Gradients of 
3 to 4 per cent. in the shore sections lead 
down to its river level of about 90 feet below 
mean water. 

The Hudson tunnels project long ago ceased 
to be a scheme for main-line railways, although 
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the idea probably never had much promise. 
Multiple-unit trains of electric cars now run 
through the tunnels. The only main-line 
railway tunnels now building or planned to be 
built at New York are the Pennsylvania Rail- 
road tunnels, and these were not designed for 
steam locomotive traction. The entire .ter- 
minal extension, crossing the meadows west of 
the Weehawken heights and thence passing 
through the tunnel under the Hudson to 
New York, or still further through the cross- 
town tunnels and the East River tubes to 
Long Island, will be operated by the electric 
third-rail system. 


THE PENNSYLVANIA TUNNELS (HUDSON RIVER 
AND EAST RIVER). 


The Pennsylvania R.R. tunnels are by far 
the most daring tunnelling enterprise of the 
entire New York group, in their engineering 
perhaps even more than in their financial as- 
pect. The real estate and construction cost 
of the entire project will approximate, say, 
$100,000,000; and as the extension will do 
little for the railway's freight service, the cost 
must be paid for by the passenger traffic. 
The railway manager who made the decision 
to commit his company to so costly a project 
necded to have a long sight to see the return- 
ing profits, and undaunted courage to fight 
his beliefs through. Mr. A. J. Cassatt, late 
president of the Pennsylvania Railroad, pos- 
sessed these qualities. 

The Pennsylvania development includes, 
besides the tunnels, a considerable extent of 
new line and other improvements on the 
New Jersey side and on Long Island, and a 
magnificent terminal station within the city 
connected with the river tubes by rock 
tunnels under the city streets. A very large 
book would be required to recount the story 
of the whole enterprise. Our interest at 
present is centred on the river tunnels, the 
shield-driven work. 


At the outset of this project the gravest 
(1,408) 
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doubts, perhaps, concerned the question of the 
stability of the Hudson River mud or silt. 
This material is physically 
little better than a stiff jelly ; 
yet the tunnels must rest in 
it, and must be secure against 
all possibility of being strained 
by the load and the vibration of heavy express 
trains passing through it. To ensure this 
security, the engineers laid plans for a pile 
foundation, consisting of strong cast-iron 
hollow piles to be sunk from the bottom of 


The Two 
Pennsylvania 
Hudson River 

Tunnels. 
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Fig. 14.—cRoss-SECTION OF PENNSYLVANIA RAILROAD 
HUDSON RIVER TUNNEL TUBE, WITH SCREW-PILE 
FOUNDATION AS PLANNED. 


the finished tunnel down to hard soil, and then 
filled with concrete and anchored to the tunnel 
shell. ; 

The cross-section drawing (Fig. 14) shows 
this pile arrangement, which was to be re- 
peated every fifteen feet along the tunnel. 
Thero are screw piles fitted 
with a broad-winged helical 
disc at the bottom and twisted down through 
the mud. To enable tho piles to be passed 
through the tunnel shell, highly ingenious 
special bottom plates for the tunnel were 
designed, and built in at the proper intervals. 
But since the early stage of the enterprise, 
views have changed somowhat, and the people 
in charge have apparently reached the con- 
clusion that the piles are not necessary. The 
upper Hudson tunnels, in which a train service 
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Screw Piles. 
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Fig. 15.~-MEETING OF SHIELDS, PENNSYLVANIA HUDSON RIVER TUNNELS, 
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NORTH TUBE. 


Illustrating the wonderful accuracy that may be attained in tunnel driving. The inside framing of both shields was 
removed after the junction, and the cast-iron lining of the tunnel was then continued through, the shells of the shields 


being left in place. 


was started after the Pennsylvania work be- 
gan, have done much to reassure every one 
as to the stability of a tunnel in the Hudson 
mud. No piles have yet been put down in 
the Pennsylvania tunnels, and it is likely that 
none will be put in. 

The tunnel shell itself, 23 feet. in diameter, 
is to be lined with a 2-foot layer of con- 
crete, a new departure among the New York 
tunnels. This tends to equalize the weight 
of the tunnel and of displaced silt, and also 
increases the strength of the tube. The 
concrete would probably be strong enough in 
itself to stand all the strains if the iron shell 
were removed. There is one further use in 
this lining—namely, that it affords a means 
of adjusting irregularities in the alignment 


The line of junction is indicated by the two arrow heads near the centre of the picture. 


and grades of the iron lining due to divergences 
of the shield in driving. Slight divergences 
are inevitable, and where the clearance be- 
tween car and tunnel-shell is small, as is the 
case in most of the other New York tunnels, 
it may even become necessary to reconstruct 
(enlarge) some sections of tunnel after its 
completion. A large amount of such recon- 
struction was in fact needed in the Battery 
Tunnel, as mentioned farther on. But where 
there is to be a thick inner lining, the shell 
may be considerably out of line, and it will 
still be possible to make the inner bore straight 
by simply putting more concrete on one side 
and less on the other. 

The shields used in the Pennsylvania 
Hudson River Tunnel were of interesting 
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Fig. 16.—WwoRK IN PROGRESS AT BACK OF SHIELD: ERECTOR IN POSITION FOR SETTING A LINING 
SEGMENT. (PENNSYLVANIA EAST RIVER TUBES.) 
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construction. The doors in the cross wall, 
instead of being simple shutters, as in the other 
tunnels, were cylindrical cut-off 
gates, which could be opened 
or shut even while mud was 
flowing in, without having to displace or 
crowd back this material. At the front of 
the shield the horizontal working platforms 
were provided with extensible slides, pressed 
forward when desired by hydraulic jacks. 
These could be pushed out against the ‘‘ sheet- 
ing’? or timbering of the earth face, and 
would hold it in place even while the shield 
itself was being “shoved” forward. Such 
platforms were also used on the shields of 
the lower Hudson tunnels and on the Bel- 
mont shields. 

Under the main part of the river the two 
tubes encountered river silt only. But at 
and near the shores they had to pass through 
sand and gravel, which required the employ- 
ment of methods very different from those 
suitable for penetrating mud. 

In the mud it was found that, as in the 
case of the Hudson tunnels, the shield could 
push its way through the materials. But a 


The 
Shields. 





Fig. 17.—A 8TEEL-PLATE CAISSON TO BE SUNK AS A 
SHAFT FROM WHICH TWO TUNNEL SHIELDS ARE TO 
(LONG ISLAND END OF PENNSYLVANIA 


BE STARTED. 
RAILROAD EAST RIVER TUNNELS.) 


The shields of the two tubes were started from this caisson, 
through the removable circular pancls of wall seen in the 


picture. 
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curious action developed. If the shield doors 
were all shut and no mud taken in, the act 
of shoving the shield would 
also make it rise, owing to the 
fact that the displaced mud 
necessarily had to flow upward, lifting the 
river bottom, which flow would carry the 
shield with it. Experience showed that, if 
the lowest door of the shield was kept open 
during the “shove,” allowing part of the 
mud to be squeezed inward into the tunnel, 
the rising tendency of the shield was neutral- 
ized. By due observance of this condition 
the progress through the silt was expeditious 
and satisfactory, the shield being kept very 
close to a mathematically correct alignment. 
The accuracy of junction of ‘the shields, 
shown strikingly by the view (Fig. 15), de- 
monstrates the excellence of guidance attained. 
In the sand and gravel, however, the shield 
could not do its own excavating in this way, 
so the workmen had to go out in front of the 
shield and dig away the soil, keeping it tim- 
bered very carefully. 
The exceedingly treacherous nature of work 
in wet sand is well illustrated by an incident 
that occurred on the New Jersey shore— 
landward of the shield work, 
it is true, but under timber- 
ing methods like those used in front of a 
shield. Here one day the quicksand face 
broke through the timbering, and the run- 
ning, water-charged material poured in in 
such volume that several hundred feet of 
the tunnel were filled up. What happened 
on the ground surface overhead during this 
break-in is demonstrated by the photograph 
(Fig. 11). There was a railway freight yard 
above,- and. when the ground sank down 
into the tunnel a great hole was 
which, as the view shows, swallowed up 
several freight cars. 
The worst part of the shield work occurred 
at the New York shore, where the tunnel 
passed through the piling and stone filling 


A Curious 
Difficulty. 


Quicksand. 


THE RIVER TUNNELS 


under the sea-wall. The stone filling offered 
a free outlet to the air, causing an enormous 
uprush that raised a huge bubbling fountain 
at the water surface. That this made the 
face excavation extremely dangerous may be 
appreciated ; at the same time it was neccs- 
sary for the men to cut through the wooden 
foundation piles of the sea-wall. Clay in 
sacks (to prevent it from being blown away) 
was dumped into the river over the work in 
large quantities to control the outrush. 

Mr. Charles M. Jacobs was the company’s 
engineer for these tunnels, assisted by Mr. 
James Forgie. The contractors were the 
O’Rourke Engineering Construction Company. 


The East River tunnels of this same enter- 
prise met with entirely different conditions— 
rock, quicksand and boulders, a great depth of 

water, and a rock reef in the 


3 The oe _ middle, the underwater con- 
ennsyivania tinuation of Blackwell’s Is- 
East River 

Tubes. land. The four tunnels, 4,000 


feet long between banks, and 
23 feet in diameter, start from the New York 
shore as two pairs of tubes some 300 feet 
apart, but converge towards the Long Island 
shore. The engineer of these tunnels was Mr. 
Alfred Noble, assisted by Mr. C. L. Harrison, 
and the firm of S. Pearson and Son built the 
work, 

Great steel caissons (Fig. 17), 74 feet by 
40 feet in plan and 90 to 100 feet high, were 
sunk on the banks down to rock, and firmly 
bedded there on concrete. In these the 
shields were erected, and the riverward ad- 
vance started. Thereafter, except for short 
distances at each shore in full rock, the 
advance was a continuous battle with quick- 
sand, and even of this there was often but a 
very shallow thickness between shield and 
river. 

Two caissons were sunk on each shore, one 
serving for two tunnels. The New York 
caissons were sunk without compressed air, 
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but those on the Long Island bank had to 
be roofed over and put down by pneumatic 
process, just as a bridge-pier caisson is sunk. 
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Fig. 18.—A BULKHEAD AT THE ENTRANCE TO A 
COMPRESSED-AIR SECTION, WITH SEPARATE AIR- 
LOCKS FOR MEN AND DIRT-CARS, AND AN UPPER 
EMERGENCY LOCK. (PENNSYLVANIA HUDSON RIVER 
TUNNELS.) 


The shields seen in the view (Fig. 16) are 
of a type unique in New York practice, being 
highly complex. Instead of having but a 
single cross-wall they have two, and the space 
between can be utilized as an air-lock, so 
that a pressure may be maintained in front 
of the shield differing from the pressure of 
air in the tunnel. It was thought that this 
device might prove of great value under 
unusually severe circumstances; but it was 
not used, presumably because the conditions 
did not require it. 

One other feature was unusual—the shield 
carried two “segment erectors”’ on its rear 
face. These are pivoted hydraulic jacks used 
to put the heavy cast-iron 
lining segments in place (one 
is at work in Fig. 16). Gener- 
ally only one erector is used. Jn large tunnels, 
where the shield is strong and roomy, the 
erector is fastened to the back of the shield. 
In smaller tunnels it is more often carried 
by an independent timber platform adapted 
to roll along behind the shield; this was 
done in the Hudson tunnels, the Battery 
and the Steinway Tunnels. The Pennsyl- 
vania Hudson River shields had a single 
erector attached to the shield, its pivot being 
on the centre line. 


Segment 
Erectors. 
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The difficulties of 


the East River 
work in quicksand 
are succinctly 


sketched in a mem- 
orandum of the con- 
tractors thus :-— 
“In trying to 
keep the air pres- 
sure sufficiently 
high to overcome 
the head of water 
and quicksand at 
the bottom of the 
face, the contractors 
were constantly con- 
fronted with the 
risk of blowing off 
the roof of quick- 
sand and flooding the tunnel; while if they 
lowered the pressure sufficiently to prevent 
blow-outs, then the quicksand flowed from 
under the shield and between the joints of 
the lining, and allowed the tunnel to settle. 
E. W. Moir * foresaw and guarded against 
this danger by specifying that the Pennsyl- 
vania. Railroad should obtain from the War 
Department permission for dumping clay in 
‘the river bed to a sufficient depth to permit 


rams are plainly visible. 


* Mr. Moir had already distinguished himself in the Old 
Hudson River Tunnel. 
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Fig. 19.—A SPECIMEN OF ROCK TUNNELLING : HORIZONTAL 
DRIFT FOR ERECTION OF SHIELD. 
ROAD EAST RIVER TUNNELS, MANHATTAN END.) 


Fig. 20,—REAR OF SHIELD, BATTERY TUNNEL. 

The drainage pump platform carries the segment erector, and 
serves also as staging for the men who bolt the segments together. 
Tho erector is just about to put a segment in place. 
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of raising the air pressure without risk of 
blow-outs. When one considers that the 
tunnels at places have only seven feet of 
quicksand between them and the river 
above, the benefit of the clay blanket can 
be realized. Itis admitted by all that the 
clay blanket deposited in advance of the 
shield, combined with continuous grouting 
over the iron lining with a quick-setting 
cement or lime, has taken away many of 
the dangers of tunnelling the East River. 

“In material where the lower part of the 
face consisted .of 
rock and the upper 
part of quicksand, 
great care had to be 
taken in blasting 
out the rock to pre- 
vent the boards 
supporting the 
quicksand from be- 
ing shaken down. 
In a full quicksand 
face the quicksand 
was supported by 
timber  poling- 
boards and_ breast- 
boards ; and when 
the breasting was 
carried down as low 
as the wetness of 
the sand allowed, 
the shield was 
shoved (with pressure up to 6,000 lbs. per 
square inch in the rams, or a total of 5,000 
tons). The maximum air pressure used was 
36 lbs.” 

In these few words are suggested some of 
the many tedious and highly-skilled opera- 
tions which go into the building of such a 
tunnel. If the final achievement is a wonder 
before our eyes, we may well bestow our 
admiration upon the intricacies of its con- 
struction, and the courage, intelligence, pa- 
tience, and skill by which it is brought about. 


(PENNSYLVANIA RAIL- 


The shield 


THE RIVER TUNNELS 


To complete the sketch picture of the 
Pennsylvania East River work, we should 
mention that the four tubes were also con- 
tinued by shield work under the land east- 
ward from the Long Island caissons for a 
distance of 2,000 feet to another caisson, at 
which the shield tunnelling ended. The land 
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tip of Manhattan Island eastward to Brooklyn, 
carrying the two tracks of the Rapid Transit 


Subway extension. Beginning | 

in rock at the New York The. 

shore, the tubes strike fine pattery 
Tunnels. 


sand after going half-way 
across, and thereafter remain in sand except 


Fig. 2].—.AIR-BLOW ABOVE SHIELD AT BROOKLYN END OF BATTERY TUNNEL. 
This is a mild case of blow. Sometimes a fountain of water 5 to 10 feet high is formed. 


work was, of course, easier than progress 
directly under the river, but still was 
difficult, since it lay in fine sand, and 
was well below the saturation level of the 
soil. 

Now, however, these tunnels are all com- 
pleted, and but for the finishing of some of 
the associated work, as station, yards, electric 
equipment, they are ready for trains. 


The two Battery tubes run from the very 


for passing through a narrow reef of rock 
that juts up above the tunnels. They are 
about 4,200 feet long, bank to bank, and, 
like the other tunnels, reach a greatest depth 
of some 90 feet. 

They are cast-iron tubes, of course, and 
were driven by.the shield method. Their 
diameter is 154 feet inside and 16 feet 8 inches 
outside. The shields used were somewhat 
like those’of the old Gas Tunnel,” but of a 
much heavier pattern. Fig. 20 shows the 
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Fig. 22.—EXPLORING WITH BORING MACHINE. 
(PENNSYLVANIA RAILWAY TUNNEL.) 


(Photo, Pennsylvania Railroad Company.) 


rear of one of the shields, with its erector, 
bolting-platform, ete. 

As may be surmised, the conditions of the 
work were similar to those of the other East 
River tunnels, and the methods were the 
same. Clay dumping was resorted to in a 
considerable degree, to strengthen and seal 
the river bottom. Escape of air, which had 
been notable in all the other tunnels, was 
here also extensive, as the photograph (Fig. 
21) indicates, 

A most astonishing incident, altogether 
unique in pneumatic work, occurred in this 
tunnel. It was nothing less than the bodily 

ejection of a workman from 

Pere hing the front of the shield up 

Incident, through the soil, and up to 
the surface of the river. And 

the man lived to tell of it! While working 
at the face, in the fine quicksand, a blow-out 
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commenced. The compressed air started 
rushing up through the soil, scouring out 
& passage to the river. In such a blow, 
of course, the outward passage of air is 
accompanied by an inward rush of soil ; 
and if the “run” is extensive, the 
whole front of the shield may be filled 
up, burying the unfortunate workmen 
who happen to be there. The time 
to stop a “blow” is at the start. A 
lump of mud, or a bag, or a bundle of 
hay stuffed promptly into the weak spot 
may check it. The workmen know the 
danger so well that, if nothing is handy 
for stuffing into the hole, they unhesi- 
tatingly shove their arms or their bodies 
against the weak spot to pack the soil 
and check the rush. Sometimes they 
fail: the rush is too strong and sucks 
the man in, earth caves around him 
and entombs him. That is precisely 
what happened here. But the rush was 
so strong that it sucked the man in, 
and took him along with it up through 
the whole thickness of earth overlying 
the tunnel, and shot him up into the river 
water. A moment later he bobbed up on the 
surface, and a passing boat rescued him 
unhurt. So extraordinary is this accident 
that we may quite safely say that the like 
will never happen again. 

By far the most interesting phase of the 
Battery Tunnel work is not the tunnelling 
itself but its sequel. A word has already 
been said as to the difficulty 


of guiding the shields accur- A 
atel There is often further encnee 
J: | ~ Operation. 


difficulty in preventing sub- 

sequent settlement, especially in fine quick- 
sand, which tends to flow in through the un- 
caulked joints of the lining, leaving a space 
below into which the tube sags down. This 
latter action actually took place in the Battery 
tubes to a very considerable extent, and 
when the two shields met and the tunnel was 
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finished, its slope was lumpy, irregular, and 
in places too steep. 

Now, the design did not include a thick 
concrete lining as in the Pennsylvania tubes, 
and the leeway for divergence from true line 
was small. In short, the conditions were such 
that it was necessary to make an attempt to 
straighten the tubes. Mr. W. I. Aims was the 
contractor’s engineer. 

An ingenious plan of doing this was schemed 
out and successfully executed. It consisted 
in cutting away, as it were, the humps of the 
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been excavated deep enough (only a few feet 
in the worst case), a strong concrete bottom, 
reinforced with steel rods, was put into the 
desired new outline. 

A more serious difficulty was encountered 
at one point where it was desired to raise 
the top for a short distance. This was accom- 
plished by forcing the plates upward (after 
unbolting) by means of powerful jacks, and 
simultaneously loosening and washing out the 
sand above by water streams and stirring rods 
through holes in the plate. 


— 
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Shield-driven Part. 


Fig. 23.—CROSS-SECTION OF BATTERY TUNNEL WITH CONCRETE-FILLED FOUNDATION PILES, 
Fig. 24.—SECTIONS OF THE STEINWAY TUNNEL IN ROCK AND SHIELD-DRIVEN PORTIONS. 


bottom down to a new bottom line corre- 


sponding to the parts which had sagged most. , 


This necessarily produced an irregular and 
varying outline of tunnel; but that was no 
disadvantage, as the reconstructed tunnel 
could be lined with a thin layer of concrete 
so distributed as to produce a fairly regular 
outline all along. 

The process of cutting down the bottom 
was briefly this: A bottom segment of 
lining having been unbolted and broken to 
pieces by heavy hammers, the air pressure 
was raised to balance exactly the soil pressure 
at that point. Then the bottom plate was 
taken out, and, under the perfectly balancing 
air pressure, the soil could be dug away 
without denger. The whole length of a hump 
was treated in this way, and after the soil had 


Finally, another remarkable thing was done 
in this tunnel. A belief gained ground that 
the tunnel would be unstable, being in quick- 
sand, and it was decided to sink foundation 
piles under it, to give a firm support. The 
plan was carried out, several hundred feet of 
length being thus underpinned. Bottom plates 
were broken out just as for reconstruction, 
and then large vertical iron pipes were 
‘‘ jetted”? down—that is, were pressed down 
by jacks while a stream of water, forced 
through a small pipe attached to the 
bottom of the pile, washed away the sand 
below it. When the pile finally rested on 
rock or firm ground, it was cleaned out 
and filled with concrete, and then a con- 
crete “cradle”? was built around the top 
of the pile to support the tunnel. Two such 
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piles were sunk side by side in each case 
(Fig. 23). 

The finished Battery tunnels have carried 
a dense traffic of heavily loaded passenger 
trains for several years, and have afforded 
of perfectly 


every evidence satisfactory 


strength. 





Fig. 25.—A VIEW IN ONE TUBE OF THE FINISHED 
STEINWAY TUNNEL. 


The part in the foreground was driven by shield, and is 
iron lined. Beyond is seen a rock section, lined with con- 
ereto to a horse-shoe shape. 





STEINWAY 

EXCAVATION BEING DONE 
TRACK FOR DIRT-CARS LAID 
THROUGH LOWER DOOR OF SHIELD. 


Fig. 26.—THE REAR 
TUNNEL. IN ROCK: 
AHEAD OF SHIELD. 


OF THE SHIELD, 


THE STEINWAY OR BELMONT TUNNELS. 
(EAST RIVER.) 


Last of the East River tunnels to be begun 
were the Steinway (Belmont) tunnels at 
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Forty-second Street. They are two tubes, 
154 feet in diameter inside where driven by 
shield, and 124 feet wide by 13 feet high in 
the concrete-lined rock portions (Fig. 24). 
Between banks each is about 3,000 feet long. 
Their greatest depth below water is about 
100 feet. 

Lying between the East River Gas Tunnel 
and the four Pennsylvania Railroad tubes, 
they share with these the peculiar difficulties 
of work through seamy rock and quicksand. 





Fig. 27.—THE LOWER PART OF THE FRONT OF THE 
SHIELD, STEINWAY TUNNEL. 


View taken after the shield entered the rock. The shield 
has been battered very badly by the blasting necessary in 
rock, 


The problems and methods were quite like 
those of the Battery and Pennsylvania East 
River tubes. One point of special difficulty 
merits separate mention. 

It happened that near the New York shore 
the shields cut through the bottom of a large 
rock heap (dumped there as waste from some 
building excavation), so open. in formation 
that the air from the tunnel escaped through 
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it in tremendous volume. Attempts to seal 
the river bottom by dumping clay were largely 
futile, because the rock pile spread so far 
laterally. Nothing remained but to go through 
as best possible, timbering the face, packing 
it with hay, and supplying enough compressed 
air to keep up the pressure in spite of the large 
leakage. 

For a period of several months therefore 
the shield work was a desperate fight against 
unusual odds, without a moment's respite. 
But it went through. Mr. St. John Clarke 
was chicf engineer for the company, Mr. W. B. 
Parsons consulting engineer, and Mr. Robert 
Shailer the engineer for the con noLer in these 
tunnels. 

The Belmont tunnels had one great advan- 
tage over their neighbours—a half-submerged 
rock islet in the middle of the river, from 
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which work could be prosecuted as well as 
from the shore. This enabled them to be 
completed in unusually short time (July 1905 
to September 1907). Indeed, though started 
after the neighbouring Pennsylvania East 
River tunnels, the Belmont tunnels were 
finished first. Speed is always an object in 
tunnelling. It pays to spend something extra 
per foot of tunnel and lessen the time of idle 
investment. But in this case there was an 
urgent additional reason for hurry, as the 
existence of the franchise depended on getting 
the work done before a fixed date. 

In this survey of New York’s river tunnels, 
one—the Harlem River Tunnel of the Subway 
—has been passed with silence, for the reason 
that the shield method was not employed, 
but instead a special method suited to its 
shallow depth and short length. 
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Fig. 28.—A VERY SHARP CURVE OF 150 FEET RADIUS, HUDSON RIVER TUNNEL. 
(Photo, “The Scientific American.”) 
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ABOVE THE WUPPER RIVER. 
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EXTERIOR OF DOPPERSBERG STATION, ELBERFELD. 


" b a ’ 
BB. aidan of ate ' eg, Pale 


2 


4 
‘ 





rod eee e chi iaks 23 Pa stat 


ad (Ade aah ae (he ots 
a * we) Be Pe. a xi ' 
rs “a ean rf ‘ " e 
v on 





re 

pana ane maha ~en™ 
i - er ee r. % a "= 
eee oye 


Sahat v Ki i tp? 
ga ot Seed is a 


et mae eS aes BIT: 


cit Abe - 
' 


’ 
' t 

Soot wy aotne ara wea tay PA . 
She a Seng LEM 
He ' 


"needed ake hac 


THE BARMEN-ELBERFELD RAILWAY. 


A UNIQUE SUSPENDED RAILWAY. 


T the beginning of the nineteenth cen- 
tury the sister towns of Barmen and 
Elberfeld in Rhenish Prussia each 

boasted less than 20,000 inhabitants. But 
the development of neighbouring coal and 
iron mines and of certain chemical and textile 


industries has caused since then a huge in- | 


crease in population, and at the present day 
the two municipalities contain nearly 350,000 

persons. 
Barmen and Elberfeld lie in the picturesque 
but narrow valley of the Wup- 


The per, a tributary of the Rhine. 
spre The physical configuration of 
Railway. the country compelled the 


towns to extend lengthways, 
east and west, and the need for quick com- 


munication between the extremities of the 
towns and intermediate points became more 
and more pressing. In- 1893 the munici- 
palities concerned decided to adopt the Langen 
type of suspended electric railway to give a 
quick local service from the eastern end of 
Barmen, through Elberfeld, Sonnborn, and 
Vohwinkel—a distance of 8} miles. The line 
was completed in 1900. 

The general form of the permanent way 
will be gathered from our illustrations, but 
a fow details may be of interest. The track 
is supported by frames, which The Teac: 
in some places take the shape 
of the bottom part of thé letter A, with 
inclined struts and a horizontal connecting 
yoke; and at others, where street traffic 
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must be allowed for, are shaped like an in- 
verted U, having vertical sides. The frames 
are set about 30 yards apart. Every 200 or 
300 yards is a rigid frame, incapable of move- 
ment in any direction, whereas the inter- 
mediate frames rest on ball-and-socket bear- 
ings, and are able to rock in the direction of 
the axis of the line. This arrangement makes 
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upper cross member and the vertical member 
are rectilinear on curves between supports, 
whereas the lower cross member with its 
rail-bearers follows the curve. The girder is 
braced in all directions. 

A carriage, about 40 feet long and 6 feet 
wide, is suspended from two two-wheeled 
bogies having wheels 35 inches in diameter. 





INTERIOR OF THE DOPPERSBERG STATION AT ELBERFELD. 


allowance for the expansion and contraction 
of the girders of the permanent way, which 
are provided with expansion joints half-way 
between every two fixed frames. 

The two wheel rails for the bogies from 
which the carriages on the two tracks hang 
tun along the outside edges of girde:s which, 
viewed from the end, have, 
roughly, the shape of an H 
turned on its side. The up- 
right member takes the vertical forces, and the 
cross members give lateral stiffness. The 


Track 
Girders.. 


On each bogie is a 36 horse-power motor, which 
through spur gearing drives both of the track 


wheels. Hook-shaped frames eaeaead 
connect the bogies to the mare 
carriage. The clearance between the under 


part of the hook* and the lower side of the 
track rail is so small—} inch—that the wheels 
cannot possibly jump from the rail. Should 
a wheel axle break, the bogie would fall 
—though a small height—and rest on longi- 
tudinal projections of the hook which nor- 
mally just clear the rail. 


THE BARMEN-ELBERFELD RAILWAY. 





ON THE HIGHWAY BETWEEN ELBERFELD AND VOHWINKEL. 


This view shows the inverted U-shaped supports adopted for the track in streots to give a clear roadway. 


Current for the motors is picked up from 
an insulated iron rail conductor by a shoe 
pressing upon the rail from below. To stop 
the train the engincer can either reverse the 
motor or make it act as a generator, or apply 
the Westinghouse air-brakes, the shoes of 
which press on the top of the wheels. Tho 
current supply for the two lines is entirely 
separate, so that the chances of a breakdown 
on both tracks simultaneously are extremcly 
small. Should a train come to a standstill 
through causes other than failure of current, 
another train can be sent down the same 
track to take off -:the passengers. Should the 
current give out, the passengers can cross to 
a train on the other line. 

Each carriage gives accommodation for fifty 


passengers. When fully loaded it weighs 
about 14 tons, or about 600 Ibs. per passenger. 
This is considerably below the usual figure 
for elevated electric railway cars. The track 
itself runs about 700 Ibs. to the foot. 

The cost of the whole constructional work— 
stations and electrical equipment excepted— 
was about £30,000 per mile over the high- 
road and £43,000 per milo 
over the river. The expen- 
diture on a station varied from £2,000 for 
small “‘ halts ” to £42,500 at Vohwinkel, where 
are a turning-loop, switches, sidings, carriage 
sheds, and workshops. | 

Electrical equipment has been responsible 
for £2,500 per mile; but it should be noted 
that in future railways built on the Langen 


Cost. 
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principle the cost under this and other heads 
would be reduced considerably. Current for 
the lines is supplied from the main Elberfeld 
Generating Station, which is well equipped 
with powerful reciprocating and turbine en- 
gines driving large alternators. The car motors 
take direct current at about 550 volts. 

The line includes many curves, some of 
them very severe. There are two of 250 feet 
radius. The principle of suspension permits 
even these curves to be negoti- 
ated safely at speeds of over 
30 miles an hour; in fact, it is said that at 
high speeds the cars appear to travel round 
curves more smoothly than at low speeds. 
At the terminal loops curves of only 30 feet 
radius are used, but on these the cars move 
very slowly. 

The track runs slightly downhill from the 
Barmen terminus to Sonnborn, and from that 
point climbs to Vohwinkel up gradients as 


Curves. 
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steep as 4 per cent. in places. Between sta- 
tions the normal maximum speed is 20 miles 
an hour, and the average end- Speed. 
to-end speed, inclusive of the 
stops at the eighteen intermediate stations, 
about 14 miles an hour. The signalling is of 
the electric automatic type, a train blocking 
the section immediately behind it. 

The inhabitants of the Wupper valley are 
able to travel on their suspended railway at 
the very moderate charge of one and a half 
farthings per mile. Luxurious folk, who prefer 
first-class seats, have to pay slightly more 
than a halfpenny. Though the main railway 
from Diisseldorf to Hanover and a number 
of electric tramways take the same route, the 
“guspended ”’ is well patronized, especially on 
Sundays, when the valley world and his wife 
and children are on pleasure bent. Within 
eighteen months of completion the monthly 
traffic had risen to nearly 400,000 passengers, 
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TRIAL CAR PASSING ROUND A 2500-METRE RADIUS CURVE AT A SPEED OF 37 MILES AN HOUR. 


Observe how the car swings outwards. 
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THE CABLEWAY USED IN THE BUILDING OF THE NEW 
LIGHTHOUSE AT BEACHY HEAD. 





THE PANAMA CANAL. 
Why and How it is being Built. 


BY JOHN GEO. LEIGH. 


An Up-to-date Account of what may justly be termed the Greatest of all 
Engineering Enterprises. 


N the Isthmus of Panama Naturo has 
raised a wall—either by imperceptibly 
slow degrees, or more probably, as 

geologists and other scientists tcll us, by 
a single convulsive 
movement — which 
mocks the flects 
ploughing the At- 
lantic and Pacific 
Oceans. A steamer 
moored in the Ca- 
ribbean Sea may, 
metaphorically 
speaking, hail an- 
other lying in 
Panama Bay ; but 
should it be neces- 
sary for either to 
relieve the other, 
she must circle the 
entire continent of 
South America, a 
distance of 10,500 
nautical miles. 

The voyage of 
more than 13,000 
miles undertaken 
by the battleship 
Oregon when sum- 
moned to assist in the defence of the Atlantic 
coast was an object lesson to the United States 
which could not be ignored. It excited many 
painful apprehensions, for besides being storm- 


tossed ‘n the Straits of Magellan, the Oregon 
(1,408) 





TROPICAL VEGETATION IN THE ISTHMUS OF PANAMA. 


was exposed to surprise by the Spanish fleet 
near Cape Verde or among the passages of the 
Windward and Leeward Islands. Moreover, 
if Spain had at that time had a single active 
ally among the 
leading states of 
South America, the 
voyage itself might 
at least have been 
seriously obstructed 
by that peaceful 
act of war, the 
refusal of coaling 
facilities. 

Another proof of 
the strategic value 
of the long-prom- 
ised trans-Isthmian 
route is given by 
the more recent 
cruise, in 1908, of 
the United States 
Atlantic battleship 
fleet to Pacific 
ports. This was an 
event of great im- 
portance, because it 
showed how much 
time and coal might 
be saved under improved conditions. Had 
the demonstration been postponed for a few 
years, the rounding of Cape Horn would 
have been superfluous, and vessels from 
Hampden Roads might have steamed direct 

VOL, I. 
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MAP SHOWING DISTANCES VIA PRESENT ROUTES AND 
THE PANAMA CANAL COMPARED. (DISTANCES VIA 
PANAMA CANAL IN BRACKETS.) 


to Valparaiso (4,440 miles), San Francisco 
(5,100 miles), Honolulu (6,580 miles), Yoko- 
hama (9,520 miles), Auckland (8,410 miles), 
and Sydney (9,520 miles), the economy of 
distance in each case, as compared with pres- 

ent routes, being many thousands of miles. 
As with strategy, so with commerce. Be- 
tween the Rocky Mountains and the Pacific 
the United States possesses a country of un- 
limited resources, rich in ore 


Need for = and timber, and already well 
Piercing the ye 

inthis. named ‘the larder of the 

' world.” But this “ Golden 


West,” with its coast-line of over 2,200 miles, 
is still, commercially speaking, “ at the back 
of beyond.” Finely-equipped railways stretch 
across the continent, but their freight charges 
have not been framed with a view to encour- 
age a large commercial traffic, though, as a 
matter of fact, the lines are often congested. 
The “ West ”’ needs an Isthmian Canal badly 
to give it access to its natural markets. Were 
the building long delayed, the grim sugges- 
tion contained in a Senate report of 1896 
might be realized, that, without this guarantee 
of national strength and unity, “the chain of 
the Rocky Mountains may one day become 
the boundary between two rival republics.” 
Although special prominence has been given 
above to the advantages likely to accrue to 
the United States, it must not be supposed 
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use of the new 

any way restricted. The Panama Canal is 
intended. to benefit all nations; is expected 
to bring about a very considerable revolution 
with regard to existing trade routes. In the 
accompanying map we have indicated the most 
important of the routes likely, in our opinion, 
to be affected immediately by the opening of 
the new highway. The routes shown corre- 
spond as nearly as possible with the courses 
now followed; the distances between ports 
are given in nautical miles and for full-powered 
steamers ; and, for purposes of comparison, 
figures are added within brackets showing 
corresponding distances vid the future Canal. 

The international character of the enter- 
prise is realized by the Americans. As long 
ago a8 1849 an American Minister declared 
to Lord Palmerston that the 
United States wished to see 
the Canal dedicated “to the 
common use of all nations on the most liberal 
terms, and a footing of perfect equality to 
all.” Within the memory of the youngest of 
us great and unexpected events have affected 
the foreign relations and commerce of the 
United States, but the policy of the nation 
in respect to the Isthmian Canal is still best 
expressed in the words quoted above. 

The idea of uniting ports on the Atlantic 
and Pacific coasts of Central America by a 
navigable channel is almost as old as the 
discovery of the Western Hemisphere. No 
sooner was Amcrica proved to be a continent, 
and not, as Columbus believed, an outlying 
portion of Cathay, than the Spaniards searched 
for the passage which they believed must 
connect its eastern and western shores. No 
such strait could be found; but the ex- 
plorations opened useful transit routes, and 
discovered several rivers and pronounced 
depressions in the mountain chain, very 
encouraging to early advocates of an inter- 
oceanic ship canal. Prominent among these 
was the intrepid Gomera, whose rebuke to 


A Canal for 
all Nations. 


THE PANAMA CANAL. 


the sceptical and priest-ridden court of Philip 
the Second is still worth recalling: ‘ Moun- 
tains there are, but there are also men. Take 
but the resolve, and it [the Canal] can be 
made.” 

To us, familiar with great engineering 
achievements, it may seem strange that such 
men long spoke in vain. The reasons are 
many—physical, financial, and, 
in a large degree, political. 
Nature, as will be shown in 
later pages, has made her position in Central 
America well-nigh impregnable by piling up 


A Tremendous 
Task. 
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the wonderful year 1848. No sooner had 
California passed from the rule of Mexico to 
that of the United States than 


gold was found in it. From ‘mpetus 

the east came thousands of .#!ve" by 
Californian 

treasure-seekers, eager Gold. 


reach the new El Dorado, and 

yet escape the corpse-strewn overland trails 
and the scarcely less perilous voyage round 
the Horn. Landing at Chagres or San Juan 
del Norte (now Greytown) from steamers 
hurriedly commissioned in New York, the 
pilgrims made their way as best they could 
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MAP OF CANAL ZONE, SHOWING THE GREAT LAKE THAT WILL BE FORMED BY IMPOUNDING THE CHAGRES 


RIVER AT GATUN ; 


defences, the full strength of which is only 
now being gradually discovered. From the 
first it has been recognized that to storm these 
are needed all the available resources of a 
strong government. But Holy Church threat- 
ened with the Divine displeasure in early days 
all who might attempt to pierce a barrier 
obviously intended to be for all time a hin- 
drance to navigation. Four centuries later 
the dog-in-the-manger policy of the British 
Government postponed for many a year the 
construction of the Suez Canal, and the in- 
auguration by the United States of the yet 
greater enterprise to which this article is 
devoted. 

The modern history of the Canal dates from 


SITE OF LOCKS ; 


LINE OF NEW RAILWAY, ETC. 


across the Isthmus of Panama, or westward 
through Nicaragua. Many were drowned, 
many died of starvation, and hundreds suc- 
cumbed to plague, “‘ yellow Jack,” and other 
diseases. Those who reached the Pacific side 
were conveyed by steamers to San Francisco 
—at that time a village with about four hun- 
dred inhabitants—for the most part too poor 
to risk a tramp to the “ diggings.” 

The subsequent development of California 
and other Pacific States was 
greatly assisted by a single-line 
railway, 47} miles long, from 
Colon to Panama, opened to 
public use early in 1855. No investors ever 
reaped in so short a time such a golden 


The Old 
Panama 
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harvest as fell to the lot of the original owners 
of this enterprise. Its phenomenal success 
stimulated to fever heat the desire for a 
maritime canal, and for several years surveys 
and explorations were conducted up and down 
the isthmian country to ascertain and develop 
the possibilities of the various routes and 
schemes which had been proposed since the 
Spanish conquest. 

The positions of the most important of these 
routes are indicated in the map on page 134. 
The first route to be noted, that through the 
Mexican Isthmus of Tehuan- 
tepec, attracted much atten- 
tion during the years 1881- 87, 
owing to the endeavours of Mr. James B. Eads 
to secure support for his bold scheme for 
transporting ships from ocean to ocean by 
steam traction. It is now traversed by a 
railway, constructed and partially owned by 
Messrs. 8. Pearson and Son, the great English 
contractors. Nos. 2 to 7 are variants of what 
is known as the Nicaragua route, which pro- 
posed to utilize for the purpose of navigation 
the San Juan River, on the Atlantic side, and 
Lake Nicaragua, a great sheet of water, 110 
feet above sea-level, adjacent to the Pacific. 
The San Blas route (No. 8) had many advo- 
cates, because the Isthmus is here only 31 
miles wide; but the difficulty lay in the 
height of the summit-level, and to overcome 
this a tunnel, 8 to 10 miles long, was proposed. 
Caledonia Bay, the Atlantic end of the so- 
called Caledonia route (No. 9), has the dis- 
tinction of having been the starting-place of 
the first party of white men to cross the 
American continent, and became notorious 
two centuries later as the headquarters of 
Paterson’s ill-fated colony of New LEdin- 
burgh. Of the routes (Nos. 11 to 19) ad- 
jacent to the valley of the Atrato, several 
claimed for a time the energetic support 
of English engineers and promoters. Gradu- 
ally, however, all the projects were with- 
drawn from serious consideration, except 


Many 
Schemes. 
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two favoured by the French and Americans 
respectively. 

It is now an old story how the great French- 
man, Ferdinand de Lesseps, persuaded many 
thousands of his countrymen to invest their 
savings in a scheme for pierc- 


ing the Isthmus of Panama ‘The First 
with a sea-level canal; how and Second 
Panama 


ducks and drakes were made of Companies. 
the money subscribed ; how De 

Lesseps abandoned his original scheme in favour 
of a locked canal; and how finally the crash 
came in 1889. Five years later the liquidators 
of the De Lesseps Company formed a new 
company to continue the enterprise. But 
funds gave out before any really serious attack 
had been made on the defences of Nature, and 
in 1902 the Panama stockholders, alarmed by 
the fact that the United States had completed 
surveys for a rival canal through Nicaragua, 
decided to sell their property to the United 
States. 

To retrace our steps a little. President 
M‘Kinley had, in 1899, nominated a Com- 
mission to investigate finally all practicable 
canal routes, select the most feasible, and 
report as to the cost of constructing a canal 
which should be under the “ control, manage- 
ment, and ownership of the United States.” 
Between this Commission and the directors 
of the second French Company many com- 
munications passed concerning the terms upon 
which the latter would transfer its rights and 
properties. No compromise, however, could 
be arranged between the Company’s proposal 
of £22,500,000 and the Commission’s valua- 
tion of rather less than £8,250,000, and the 
Commission accordingly, in November, 1901, 
‘finally ’ reported in favour of the construc- 
tion of a canal through Nicaragua at an esti- 
mated cost of £39,150,000. 

Within very few weeks the shareholders of 
the French Company, gathered in general 
meeting, elected a new board, and directed 
it to submit without discussion to the terms 
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THE ENORMOUS BUCKETS OF A MODERN LADDER 
DREDGE. 


Each will scoop up 1} cubic yards of matorial. The 
breaking strength of this chain of buckets is over 2,000 
tons. (Photo, Adantic Equipment Company.) 


proposed by the Americans. No sooner was 
the surronder cabled to Washington than the 
Commission set to work on a new report, 
entirely in favour of the Panama route. 

In June 1902, after long and bitter debates, 
Congress authorized the President, on behalf 
of the United States, to acquire from the 
French Company its rights and possessions in 
the Isthmus, the Panama, Railroad stock owned 
by it, and its maps and records in Paris; to 
obtain from the Republic of Colombia cer- 
tain territorial and other concessions ; 
and to proceed with the construction 
of the Canal. 

The Colombians repudiated the con- 
vention to which their Minister at 
Washington had agreed. They said 
that they could not 
part with any of their 
territory. Very pos- 

sibly they were only bluffing, in the 
hope of getting better terms. But the 
‘people at Panama did not like this, 
promptly declared themselves an inde- 
pendent State, were recognized as such 
by the United States, and opened 
negotiations on their own account. 


Sale to 
United States. 
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Thus was the road cleared for the acquisition 
of a property which had cost France close an 
£60,000,000. 

Never in the world’s history were such bar- 
gains made. For two million odd pounds 
sterling the American Government obtained 
absolute authority for ever over five miles of 
territory on each side of the centre line of the 
Canal; full control of all places outside this 
zone which it might be convenient to use ; and 
an overlordship in sanitary matters in Panama 
and Colon, the only large centres of population 
in the Isthmus. 

Compared with the sum paid for these con- 
cessions, that handed over to the French 
Company appears absurdly small. The Ameri- 
can Commission conducted its valuation in a 
most free-and-easy manner. Of the large 
amount of excavation credited to the French 
little more than half was declared to be of 
value to their possible successors, and for this 
£5,664,750 was allowed. The Company’s hold- 
ing of railroad stock was valued at £1,412,370 ; 
£412,300 was paid for the splendid maps in 
Paris ; and the magnificent balance of £758,000, 
making up the $40,000,000, was generously 
allotted to “* cover omissions.” 

These “‘ omissions ” embraced lands not built 
upon ; over two thousand buildings—including 
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hospitals, offices, machine-shops, storehouses, 
and barracks—most of which are still being 
used; surgical, medical, and other stores: 
and possibly the largest and, in its time, most 
valuable assortment of excavating and trans- 
port plant ever gathered together. For years 
the world had boen told that all these things 
were worthless—the buildings deserted and 
decaying, the machinery and plant rotten, so 
badly corroded that a knife cut the metal as 
it would cheese. Yet, marvellous as it may 
appear, much of this plant has well repaid 
overhauling and repair, and is now working 
with good results side by side with the latest 
products of American machine-shops. _ 

No one who knows it, especially in the rainy 
season, can conscientiously say much in favour 

of the Isthmian climate. Never- 

The Climate theless, as has been amply 

of the 
Isthmus. Proved by the events of the 
past few years, it is quite pos- 
sible for men and women accustomed to more 
temperate climes to retain good health in the 
Isthmus. 

There is no doubt that the building of the 
Panama Railroad and the operations of the 
French along the Canal line were attended 
with terrible mortality. The latter, how- 
ever, has been grossly exaggerated. Take, 
for example, the almost classic statement 
that every cross-tie of the original railroad 
represented a death among the workers. 
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Many also have heard of Matachin—‘ Dead 
Chinamen ”—the station said to have been 
so named in memory of the many hundreds 
of Orientals, stricken with mental depression, 
who there committed suicide by hari-kari, 
drowning, or sudden rushes in front of passing 
locomotives. Let it be noticed that the 
original single-track railroad possessed no 
fewer than 140,000 cross-ties, and that the 
largest number of labourers employed upon 
it at any one time was 7,000. ‘‘ Matachin,” 
moreover, is not Chinese, or even pidgin Pana- 
mese, but excellent Spanish for our homely 
word “butcher,” and occurs in a map of the 
Isthmus printed in Holland in 1679 to illus- 
trate an account of the buccaneer Morgan’s 
famous raid upon Panama seven years earlier. 

Though thousands of travellers have crossed 
it by means of the Panama Railroad ,the country 
of the future Canal is still, to all intents and 
purposes, an unknown land. And this it might 
well remain, without. loss to the outside world, 
so far as its scenery is concerned. First impres- 
sions of the country in days anterior to the 
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present invasion were seldom favourable ; for 
one landed usually on the Atlantic side at 
low-lying, dirty, and pestiferous Colon, where 
it seemed man’s destiny to be alternately 
drenched with rain, boiled in perspiration, 
and devoured by mosquitoes. In the long 
rainy season the streets were pools of mud. 
Sickening odours assailed the nostrils at every 
turn. From the sea came gusts of damp 
chilling wind ; from the land side every breeze 
was laden with malaria. It seemed a place 
not fit to die in, much less to live in. 

Leaving Colon by the railway, one passed 
for an hour or so between a succession of 
unsavoury swamps and lagoons, from which, 
when cooling, rose folds of 
murky vapour. The prospect 
along the valley of the Lower 
Chagres was somewhat less depressing, being 
relieved at frequent intervals by cone-shaped 
hills, which, in the early days of the De Lesseps 
Company, had been covered with dense forests 
well-stocked with chattering monkeys and 
birds of many-hued plumage. It was not, 
however, until one passed Bas Obispo, and 
began the ascent of the watershed between 
the Atlantic and the Pacific, that one shook 
off the depressing effects of a stay, however 
short, in Colon. 

As the train passed over the “ divide,” the 
magnitude and difficulties of the task under- 
taken by the French were more and more 
apparent. With the descent to the Pacific, 
the scenery changed, and became even pleas- 
ing; cultivated tracts appeared at frequent 
intervals ; and the people seemed happier and 
brighter. Panama, in the days of which we 
write, was no cleaner than Colon. Its notoriety 
as a hotbed of disease was even better deserved. 
Life in it abounded with great and _ little 
miseries; but for these some solace might 
always be found in the mental pictures con- 
jured up of old-time romance and adventure. 

Except at two points, the state of the Canal 
work on May 4, 1904, the date on which the 
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Americans took over the enterprise, differed 
little from that existing when the De Lesseps 
Company ceased operations. The French had 
been nominally in possession for twenty-two 
years, but in only five of these (1884-88) did 
the effective force employed exceed 10,000, 
the maximum (19,243) being reached in October 
of 1884. 

Work had been pursued by the first Com- 
pany along almost the entire line, the greatest 
amount of excavation, excepting that in the 
Culebra cutting, being in the 
section between Colon and Work done | 
Obispo, a low-lying and, in sc 
places, marshy country. Here the Americans 
found, when they took possession, a stretch 
of canal actually open, about 11 miles long and 
78 feet wide at the bottom. Altogether, for 
the purpose of the Canal proper, the French 
removed rather less than 80,000,000 cubic 
yards of material, of which the second Com- 
pany must be credited with about 10,000,000 
cubic yards. Of the aggregate excavation 
much had been dumped so near the Canal 
line as to require rehandling in view of the 
greatly increased cross section of prism deé- 
manded by the American plans. For this 
and other reasons, not more than half the con- 
structive work of the French could be regarded 
as useful by their successors. 

Apart from engineering questions, the most 
difficult problem which faced the American 
Officials in 1904 was that of protecting from 
disease the army of labour, white and coloured, 
soon to be poured into the Isthmus. In their 
efforts to this end they enjoyed many advan- 
tages denied to the pioneers, due partly to 
the extensive powers granted by the treaty 
with Panama, but mainly to a recent revolu- 
tion in tropical sanitary methods resulting 
from improved knowledge of the causes and 
transmission of disease. 

In the old days yellow fever was believed 
to be a poison, and contagious like smallpox, 
to which a certain proportion of newcomers, 
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A LADDER DREDGE AT WORK AT LA BOCA. 
SUCTION DREDGE AT GATUN. 
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especially Europeans, were expected to suc- 
cumb. Malaria, on the other hand, was sup- 
posed to be due to a miasma 
exhaled from the soil or by de- 
caying vegetation, and likely 
to spread abnormally when the ground was 
disturbed. The theory of the transmission of 
these two diseases by certain species of mos- 
quitoes had not yet been put forward. The 
medical staff of the United States Army first 
tested the theory on a large scale. Their 
success in dealing with malaria in Cuba, Porto 
Rica, and the Philippines after the war with 
Spain, could not be questioned ; and a great 
deal was expected when Colonel Gorgas, M.D., 
the extirpator of yellow fever from Havana, 
was appointed to supervise sanitary opera- 
tions in the Isthmus. 

So difficult was his task that not until early 
in 1906 were the rates of sickness and mortality 
noticeably diminished. So grave, indeed, was 
the outlook in 1905 that many American 
engineers and civil officials threw up their 
appointments, and the influx of labour from 
the West Indies was seriously affected. Dur- 
ing this year there occurred in the Canal Zone 
231 cases (81 fatal) of yellow fever. The rate 
of mortality per thousand among the native 
population rose from 40°75 in February to 
69°22 in July and 65°17 in December, the cor- 
responding figures for Canal employees being 
14, 46°11, and 40°36. 

Since the occupation of the Zone the Ameri- 
cans have spent about £1,225,000 on_ so- 
called municipal improvements, and more 
than £1,500,000 on_ sanita- 
tion proper. The _ results 
achieved prove that the money 
has been well laid out. Paved throughout 
and provided with complete systems of water- 
works and drainage, Panama and Colon now 
rank among the most healthy places in the 
tropics. Every settlement of workers on Canal 
and railroad has up-to-date sanitary arrange- 
ments. Thanks to the operations of the 
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“mosquito brigade ’—the filling in or oiling 
of swamps and stagnant waters, the construc- 
tion of miles of ditches to carry off the tor- 
rential rains, and the systematic clearance 
around every town or camp of grasses and 
undergrowth—mosquitoes are now almost a 
rarity in the neighbourhood of the Canal. 
For the white employees and their families 
life has been made positively pleasant by 
comfortable quarters, a good food supply, and 
the encouragement of clubs and facilities for 
recreation. 

For some time sanitary and construction 
staffs were troubled by the reluctance of the 
coloured labourcrs to avail themselves of the 
barracks and wholesome food provided by 
the Commission, and by their fondness of 
taking a day off in the jungle. A temporary 
cure for these tricks was found in paying the 
men partly in meals. The workers fed better 
and became more healthy. Lately, however, 
there has been a relapse towards old conditions, 
for, according to a recent official report, about 
7,000 labourers abstain from eating at the 
kitchens or living in Commission buildings. 
Speaking generally, it may be said that, thanks 
to the remedial measures of the past four years, 
the health of the Isthmus compares favour- 
ably with that of most of the Southern States 
of America, and that of the Canal employees 
with an average military barracks or great 
engineering enterprise in temperate lands. 

The Panama Canal will command a foremost 
position among the engineering feats ever 
attempted by man for any one of four reasons 


—its unprecedented width 

and depth; the great cutting Magnitude 
a sued of the Canal 

through the continental divide ; Enterprise 


the number of men and ma- 

chines employed in the work of excavation ; 
and its monster accossory structures. It has 
been designed to give safe and convenient 
passage to vessels of the largest tonnage and 
greatest draught now in use or likely to be 
launched. Its minimum depth will be 45 feet, 
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and its width at the bottom nowhere less than 
300 feet. All the locks are to be in duplicate 
—that is to say, there will be two chambers 
side by side, so that, should one ever be out 
of repair, navigation may be continued with- 
out interruption through the other. Hach 
chamber will have a usable length of 1,000 feet 
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A CLOSE VIEW OF A STEAM-SHOVEL. 
Phe dipper lifts 5 tons of material in one stroke. 


and a width of 110 feet. At each end of 
every flight there will be long approach walls, 
at which a ship may be stopped or checked a 
safe distance from the locks ; and at the head 
and foot of each summit lock two pairs of 
gates will be provided, so that a ship that has 
become unmanageable may always find two 
closed gates between it and possible danger. 
To show the immense work involved in the 
construction of the locks, it may be noted that 
the Gatun flight, extending over a distance 
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of 1,045 yards measured along the axis of the 
Canal, will mean the excavation of 5,140,000 
cubic yards of earth, and the placing of 
2,096,000 cubic yards of concrete masonry. 
The entrance to the Canal from deep water 
in the Caribbean Sea will be a channel, 500 
feet wide, between huge converging masonry 





(Photo, Adantic Equipment Company.) 


Material is discharged by opening the flap bottom of the dipper. 


breakwaters resting on substructures of material 
brought from quarries recently opened at Porto 
Bello, a seaport 18 miles east of Colon, and 
extending nearly two miles across the mouth of 
Limon Bay. Through the last, now a shallow 
estuary of mud and silt, but destined to be a 
well-protected harbour, dredges will scoop a 
channel 500 feet wide, with jetties or dikes on 
either side, between which vessels will pass 
to the shore line. Thence, through for the 
most part low-lying alluvial ground, a channel 
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POWER DRILLS AT WORK IN THE BAS OBISPO CUT. 
(Photo, Toptcal.) 





EXCAVATING ON THE SITE OF THE GATUN LOCKS. 


500 feet wide has been cut to the first struc- 
tural wonder of the Canal—the locks at Gatun, 
by which, in three steps of 29} feet each, the 
ships will rise to or descend from tho so-called 
summit-level. 

As regards the vexed question of sea-level 
versus lock canal, one must look beyond com- 
parisons of time, labour, and expense—all 

obviously in favour of the ad- 


Lock versus cates of the accepted design. 


Sea-level : 
pn The controlling factor is the 
annual rainfall, which averages 
140 inches at Colon and in the Lower 


Chagres Valley, 95 inches in the neighbour- 
hood of the mountain chain, and about 70 
inches on the Pacific side. Note that to 
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these totals the three dry months (January 
to March) usually contribute only about 2°5 
inches. The Chagres and other rivers, which 
during the dry season are mere trickling 
brooks, rapidly develop, after a few falls of 
tropical rain, into raging floods. For every 
waterway therefore, sea-level or lock, planned 
to take advantage of the Lower Chagres Valley, 
protective measures are necessary against the 
floods, which gather in the bold watershed 
to the north-east, and periodically descend 
into the Canal line. At Gamboa the river-bed 
is 50 feet above sea-level, and the flood dis- 
charge towards the end of the rainy season 
sometimes exceeds 65,000 cubic feet per second. 

It is evident that, the lower the level of the 
Canal, the greater is the need for protection 
against floods. To obtain this for a sea-level 
canal it was proposed to build at Gamboa a 
great masonry dam as a check to the Chagres, 
and elsewhere smaller dams to regulate other 
streams. The best solution of the problem, 
however, was to adopt a lock canal, impound 
the flood waters, and press them into the serv- 
ice of the Canal itself. In the present scheme 
this solution is made as complete as it well 
can be by the brilliant expedient of making 
the impounding reservoir part of the summit- 
level. 

This will be offected by a monster dam 
thrown across a valley between high lands 
situated to the south of the uppermost of the 
Gatun locks. By this means 
a basin will be completed, to 
be known hereafter as Gatun Lake, of such 
capacity as to receive all the flood waters of 
the Chagres and other streams, and satisfy all 
storage and supply demands. Its area will be 
171 square miles, its length about 30 miles, 
of which 23 will be navigated by ships crossing 
the Isthmus, and its normal water surface 85 
feet above the mean level of the oceans. 

In length and width, though not in height, 
in which particular it is surpassed by the New 
Croton, Roosevelt, and other dams, the Gatun 


Gatun Lake. 
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wie depend upon great reservoirs: 
: ; Gatun Lake 2 3 : - 3 held up by earth embankments 
32 gs 2 } ee 3:8 i . i s ; resting literally upon mud 
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LONGITUDINAL SECTION OF THE PANAMA CANAL, SHOWING RELATIVE 
POSITIONS OF THE LOCKS AND GATUN LAKE. 


Dam will be the greatest structure of tts kind in 
the world. On each side of a 300-foot channel 
intersecting it, through which 
the Chagres at present flows, 
but which is later to be converted into a per- 
manent spillway, will rise great earth embank- 
ments, of the cross section illustrated on page 
142, Their tops will be 30 feet above the 
water-level in Gatun Lake and 80 fect wide ; 
and the thickness at lake-level 374 feet, and at 
sea-level 2,625 feet (half a mile). The diver- 
sion works in connection with the dam will 
be capable of discharging 140,000 cubic feet 
of water per second when the level of the lake 
is not more than one foot above the normal. 
No engineering project of modern times has 
been the subject of more serious criticism than 
has the Gatun Dam. On the Board of Con- 
sulting Engineers to which, in 1905, President 
Roosevelt submitted the important question 
whether the Canal should be completed with 
locks or at sea-level were men of world-wide 
fame in connection with canal construction. 
Not one of them can be justly accused of 
timidity. Yet all the European representa- 
tives, and three of their American colleagues, 
argued that a ship canal of the dimensions 
demanded by the United States must be of 
the sea-level type, otherwise it would be quite 
unsafe for the passage of great ocean-going 
vessels. They added that the existence of a 
costly waterway designed to serve the com- 
merce of the world for all time should not 


Gatun Dam. 






safety was essential. These 
counsels were certainly justi- 
fied in part by the crudity 
with which the lock - canal 
champions stated their case, 
especially as regards the foun- 
dations and design of the mon- 
ster Gatun Dam. It is quite possible that, 
but for the foregoing criticism, many neces- 
sary precautions might have been neglected. 

Towards the close of 1908 some American 
newspapers published several lurid reports of 
a, great disaster at Gatun, as proof of the in- 
stability of the dam and the 
need for abandoning the high- 
level project. One “scare ” headline summed 
up the position as follows: ‘‘ Chagres River 
plunging through 60-foot gap in Isthmian Wall. 
Engineers face Problem.” The thrilling narra- 
tive appended lost, howover, some of its point 
when the reader remembered that the dam 
was not yet built, and consequently could 
hardly contain a gap. What had happoned 
was this: Much of the rock excavated from 
the site of the Gatun locks had been dumped 
along the south side of the dam site to protect 
the dam from floods during construction, and 
to help to support the slope on the lake side 
after completion. As a result of heavy rains 
the soil underlying this rock pile was softened, 
and allowed the rock dump to settle—very 
advantageously. 

To reassure the public as to actual condi- 
tions, President Roosevelt invited Mr. Taft 
to accompany to the Isthmus a special board 
of engineers appointed to examine the work 
in progress and the plans for the various 
structural accessories to the Canal. The result 
was a report, transmitted to Congress on 
February 17 of the present year, in which 


False Scares. 


the board expressed unquali- 
fied satisfaction with all they 
had seen. So far from con- 
demning the Gatun Dam, 
they declared that the Com- 
mission’s plan erred only in 
excessive caution, and re- 
commended that the height 
proposed should be reduced 
from 50 to 30 feet. To re- 
vert to the sea-level design 
would, in their opinion, add 
nothing to but rather reduce 
the capacity of the Canal and 
the safety of navigation, and 
consequently prove a “ pub- 
lic misfortune.” Jn his mes- 
sage to Congress covering 
this report, President Roose- 
velt bluntly averred that to 
change the type of canal 
would be “inexcusable folly,” 
and that henceforth any 
attack on the lock design 
would be equivalent to an 
attack on the policy of build- 
ing any canal. 

-The actual construction of 
the dam was commenced on 
December 24, 1908. The 
total fill to be made is about 
21,800,000 cubic yards. The 
workof lining 
the spillway, 
which was be- 
gun in the following Feb- 
ruary, and may be expected 
to extend over three dry 
seasons, involves the laying 
of 200,000 cubic yards of 
concrete in huge blocks 40 
feet long by 20 feet wide. 
At the end of March 1909, 
the amount of material ex- 
cavated from the sites of the 
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GENERAL PERSPECTIVE VIEW OF THE PANAMA CANAL AS IT WILL 


APPEAR WHEN FINISHED. 
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“Gatun Lake 
PLAN OF GATUN DAM. 


OROSS SECTION OF THE GATUN DAM, THE LARGEST 
‘ EARTH DAM IN THE WORLD. IT WILL HAVE A 
BASE WIDTH OF NEARLY HALF A MILE. 


dam, spillway, and locks at Gatun was 4,795,000 
cubic yards, considerably more than half the 
quantity required. 


LIDGERWOOD MECHANICAL UNLOADER. 
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The depth of Gatun Lake at the dam and 
the upper gates of the highest lock will be 
about 75 fect, at Bohio somewhat less, and 
thence gradually decrease towards Obispo, 
where the standard depth, 45 feet, has been 
already obtained. The deeper portion of the 
lake for sixteen miles—that is to say, between 
Gatun and San Pablo—will have a width 
generally of half a mile, and through this 
there will be a navigable channel nowhere less 
than 1,000 feet wide at the bottom. Farther 
on, however, the width will be reduced gradu- 
ally to Las Cascadas, where vessels enter the 
heaviest portion of the great cutting and, for 
4°7 miles, the narrowest section of the entire 
Canal. In this section the bottom width will 
be 300 feet, and the side walls almost vertical. 
Ten feet above the normal water-line there 
will be on each side of the prism a terrace 
40 feet wide, that on tho east side being in- 
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_ An unloader and ten men can move as much material in one day as 400 labourers working with shovels. The unloader, 
drawn along by a cable, simply ploughs the material off the flat cars. 
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CULEBRA CUT, LOOKING SOUTH, AS IT APPEARED IN FEBRUARY 1907. 
CULEBRA OUT, FEBRUARY 1908. 
These two photographs give some idea of the work done in twelve months. 
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CROSS SECTIONS OF THE CANAL AT DIFFERENT POINTS. 


tended for the new Panama Railroad. Above 
this, for 150 feet, the rock will have an average 
slope of three to two, then there will be another 
bench. Through the remaining portion of the 
cutting, about 1} miles, the width of the 
channel will continue to be 300 feet. 

At Pedro Miguel the summit-level will end, 
and a@ lock will lower vessels 31 feet towards 
the Pacific. Below this a small artificial lake 

with a navigable channel 500 
ae feet wide will extend to Mira- 
flores, where a flight of two locks is being 
built, with lifts of 30 feet and 25 feet respec- 
tively. At the lower lock will commence an 
almost straight canal, 7} miles long and 500 
feet wide, extending to deep water in the 
Pacific. The extreme section, from La Boca 
to Naos Island, will be protected on the 
east side from possible deposits of silt by a 
breakwater two miles long. 

It has been calculated that to complete a 

canal of the type and size 


Enormous indicated above, the United 
Amount of States ; ith . 
Material to engineers will have 


remove, by dry excavation or 
by dredging, some 175,000,000 
cubic yards of earth and rock. To many 
readers, the extraction and removal of a cubic 


be removed. 
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yard of material may seem easy enough. So 
we will point out that a oubic yard of earth 
weighs about a ton; of rock, from one and a 
half to two tons. The total “spoil” to be 
shifted from the Canal prism and the sites of 
accessory works will reach 300,000,000 tons. 
Its cubic mass will exceed 1,102-fold that of 
the Opera House in Paris, the largest theatre 
in the world, and 58-fold that of the mar- 
vellous pile of masonry known as the Pyramid 
of Cheops. So far as mere weight of excava- 
tion is concerned, the task undertaken by the 
United States may be compared to the demoli- 
tion of forty-seven and a half such pyramids, 
and, what is even more difficult, their removal 
to spots where they shall either help or at least 
not hinder the enterprise as a whole. 

For more than two years after the transfer 
of the property, the prospects of an early 
completion of the Canal seemed extremely 
doubtful. Instead of the “ dirt-flying ”’ re- 
cords rashly promised by folk who forgot the 
vast amount of preparatory work needed, 
there came from the Isthmus a succession of 
ominous reports, followed in due course by 
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LONGITUDINAL SECTION OF THE CULEBRA DIVISION. 


The black area signifies the depth reached by the French; 
the shaded area the depth of the cut to be made by the 
Americans, 
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CROSS SECTION OF THE CULEBRA CUT, SHOWING THE 
AMOUNT OF EXCAVATION DONE AND TO BE DONE 
BY THE AMERICANS. 
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prolonged investigations. Mr. Taft made it 
clear early in 1906 that the authorities meant 
to act and not talk. ‘‘ Let us have,” he said, 
‘one thorough investigation ; and then, when 
every truthful man and every liar has been 
heard, let the work go on. You can’t be an- 
swering questions and be building a canal at 
the same time. You can’t have the chief 
engineer and the other constructing officials 
engaged in that work both in Washington and 
on the Isthmus.” 

Even more effective was the action of 
President Roosevelt early in the following 
year, when he transferred the work of Canal 
construction from commissions including a 

(1,408) 
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large proportion of civilian members to officers 
of the Engineer Corps of the army. These 
were free from the dangers 


of political interference, and 5 Army 
bound, by the terms of their adie 
appointment, to stick to their Charge. 


duties. 

The good effects of this reform, and of the 
abandonment of the risky proposal to let out 
to contractors some of the constructive work, 
are seen in subsequent progress. The accom- 
panying diagram shows the amount of ex- 
cavation completed at the close of 1908, and 
the steady increase in the output, month by 
month, during this and the preceding year. 
By the end of 1908 there had been removed 
by the Americans rather less than 7,000,000 
cubic yards of material, the maximum monthly 
output up to that time being 538,254 cubic 
yards. In the next year the rate per month 
increased from 820,099 cubic yards in January 
to 2,201,734 cubic yards in December; in 
1908 the maximum monthly output was 
3,480,270 and the minimum 2,703,923 cubic 
yards. The aggregate amount of material re- 
moved by the Americans at the end of 1908 
was 59,773,179 cubic yards, and on March 
31, 1909, 69,781,140 cubic yards, leaving a 
balance to be excavated which, at the present 
rate of work, might be accomplished in two 
and a half years. 

So far as “dry ” excavation is concerned 
—by the end of last March there had been 
removed 43,160,000 cubis yards of the esti- 
mated total of 105,286,000 
cubic yards — comparatively 
little now remains to bo done 
except in the so-called Culebra cutting. Here, 
owing to the disproportion between the 
huge scale of operations and the compara- 
tively limited space in which they must be 
conducted, to drainage and other difficulties, 
to the rapidity with which the rock disin- 
tegrates when exposed to the air, to the 
liability of slides, and to the necessity of re- 
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AT WORK IN THE CULEBRA CUT. 


moving the spoil rapidly to distant ‘‘ dumps,” 
a very high standard of organization is de- 
manded. Otherwise the efforts of the largest 
labour force which might be placed on the 
ground, assisted by the most powerful of ma- 
chinery, might readily be squandered. For 
example, it may be noted that, whereas in 
1906 the average daily output per steam-shovel 
was 535 cubic yards, the same machine now 
disposes of three to four times that quantity. 

Much of the French plant was kept at work 
in the Culebra cutting during the early period 
of the American occupation, and its trial 
proved what were the best 
types of machinery suitable 
for more extensive operations. 
All the methods of dry excavation previ- 
ously employed, whether side excavation with 
buckets, “hill-diggers,”’ swinging derricks, or 
cableways, were costly and wasteful. Ma- 
chinery capable of handling material on a 
much larger scale was needed. The engineers 
imported American steam-shovels of great 
capacity, and had to scrap, as a consequence, 
the French and Belgian locomotives and dump 
cars as too small and fragile for tho work. 

Of the hundred and one Bucyrus or Marion 
steam-shovels now in the Isthmus, between 
fifty and sixty are constantly digging on the 
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various levels of the great cvtting. 
They are usually 70 or 95 ton machines, 
with dippers that scoop 
up from 24 to 5 cubic 
yards of material at a 
single stroke. The scoop is armed 
with four great teeth of manganese 
steel, has a flap bottom, and is 
mounted at the end of a steel neck 
or handle. When working in a cut- 
ting, the sides of which are earth or 
soft rock, the scoop is thrust against 
the bank and raised slowly, scraping 


Steam- 
shovels. 





A MECHANICAL SPREADER AT WORK. 


This wonderful machine distributes material dumped from 
spoil cars in one-fifteenth of the time which would be 
roquired were hand Jabour only employed. 


off a portion of the surface. In excavating 
harder rock, however, blasting usually pre- 
cedes the operations of the steam-shovel. 
The scoop is then forced into a mass of débris, 
of which the largest machines can lift 10 
tons at a single stroke. The dipper full, the 
neck is raised and swung round until the 
dipper is immediately over a dump car. The 
scoop is emptied either by opening the flap 
bottom, or when it contains a specially heavy 
load or very large pieces of rock, by being 
thrust into the car itself. The various motions, 
occupying very few minutes, give a fascinat- 
ing display of prodigious strength combined 
with almost human intelligence. 


THE PANAMA CANAL. 


Many of the steel “spoil cars’ have been 
designed specially for work on the Canal, and 
have a capacity of from 25 to 40 tons each. 
After being loaded, the cars are hauled to one 
of the principal yards and there made up into 
trains, or are taken direct to one or other of 
the dumping grounds. Of the last there are 
now in use about fifteen, with a total capacity 
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in less than ten minutes. As a single un- 
loader can dispose of sixteen trainloads, or 
5,000 cubic yards of spoil in cight hours, ten 
unloaders, handled by forty white men and 
sixty firemen and labourers, can deal easily 
with a normal day’s output. Assuming that 
a man with a shovel would unload 15 cubic 
yards in eight hours, there would have been 





A “TRACK THROWER” 


SHIFTING RAILS SIDEWAYS AT TAVERNILLA DUMP. 


In cight hours this machinc, handled by nine men, can move over 5,000 feet of track 9 fect laterally. 
With hand labour 600 men would have been needed to execute the same work. 


of 50,000,000 cubic yards, the largest being 
that of Tavernilla, about ten miles from the 
centre of the cutting, able to deal with 
15,000,000 cubic yards. 

Much time and labour are now saved in 
unloading the spoil and spreading the dumps 
by the usc of mechanical appliances. On a 
flat car behind the locomotive used for haul- 
ing the train of cars to the dump is placed a 
strong steam-winch, which winds in a cable 
attached to a plough in the last car. This 
plough travels over the intervening cars, pushes 
the earth and rock over the side nearer the 
dump, and so unloads a train of twenty cars 


required under the old methods, for the same 
job, no fewer than 4,080 labourers and, pos- 
sibly, 100 white overseers ! 

To avoid the delay that would be caused 
by throwing the track to the edge of the dump 
after cach trainload of spoil has been unloaded, 
mechanical spreaders are used 
to push the material some 
distance from the track, and 
so make room for another 
deposit. This work can be 
done usually by eight machines handled by 
forty-two men in about one-fifteenth of the 
time that would be required were hand labour 


Mechanical 
Spreaders 
and Track- 
throwers. 
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alone relied upon. A further great economy 
of time and labour in this department has 
been effected by the mechanical track-thrower, 
the invention of a former general manager 
of the Panama Railroad. This machine, 
handled by three white and six coloured 
men, is capable of shifting 5,400 feet of 
track 9 feet sideways in eight hours. Under 
the old method, between five hundred and 
six hundred men would have been kept busy 
on this job. 

In estimating the magnitude of the work in 
the Culebra Cut one must remember that the 
French excavation varied in width from 50 
to 200 feet, and that this cutting is being 
widened everywhere to from 500 to 1,000 feet. 
Thus it happens that, though they have re- 
moved more than 30,000,000 cubic yards of 
material, the Americans have still in many 
places not dug below the level reached by 
the French. Moreover, the French left at 
each end of the cutting two barriers, 80 feet 
high, which their successors had to clear away 
before they could lay tracks on which to haul 
spoil to the dumping grounds. 

It should be noted that the Canal and the 
sanitation of the region through which it 
passes will not be the only engineering achieve- 
ments in the Isthmus to be 
credited to the United States. 
Since it passed under the Amer- 
ican flag, the main line of the Panama Rail- 
road has been relaid for three-fourths of its 
length, double-tracked with American 70-lb. 
steel, and otherwise brought up to date. The 
completion of the Canal will, however, neces- 
sitate the abandonment of practically the 
entire length of the existing main line and the 
construction of a new railway, located wholly 
on the east side of the waterway. The build- 
ing of this line, now rapidly proceeding, in- 
volves the bridging of several rivers and the 
excavation, near Miraflores, of the first rail- 
way tunnel in the Isthmus. 

It was assumed by the authors of the pro- 


New Panama 
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ject approved by Congress in June 1906 that 
the mere completion of the Canal would cost, 
in round figures, £28,800,000. 
This estimate, however, made 
no allowance for expenses of 
Zone government and sanitation, municipal 
improvements in Panama and Colon, the re- 
equipment and rebuilding of the railway, and 
the purchase of railroad stock which, at the 
time of the transfer of the property, was held 
by private individuals. In December 1908 
the Canal Commission propared a very com- 
plete and detailed statement of past expendi- 
ture and of the work still before it, and arrived 
at the conclusions that the Canal might be 
completed and opened to navigation in the 
early days of 1915, and that the total cost of 
the enterprise to the United States up to that 
time would be £77,362,000—roughly speaking, 
about as much again as had then been spent. 
This estimate, it is interesting to note, includes 
the payments to the French Canal Company 
and Republic of Panama, loans to the Pa- 
nama Railroad, and disbursements for water- 
works and other improvements in the cities 
of Panama and Colon. The loans and amounts 
expended on the Panamese cities aggregate 
£310,000, and are, of course, repayable to the 
United States Treasury. Other items making 
up the grand total are :— 


Huge Cost of 
the Canal. 


Excavation, etc., in the Central division.........£18,239,000 
Limon Bay Breakwater........... cece eee enes 2,357,000 
Gatun Locks.........00eceeeees Meeurees eure 5,325,000 
Gatti Daiis i6 ei es 6 8S 8 ae a Oe 2,800,000 
Dredging, excavation, etc., Atlantic division .... 3,656,000 
Excavation, dredging, dams, etc., Pacific division. 9,895,000 
Sanitation oisciwsieaes oisls bas heaawd Cer bee ies 4,134,000 
Construction and repair of buildings........... 3,000,000 
Civil administration. .. 0.0.0... cece eee een cees ] 522,000 
New Panama Railroad.............0.scececcees 1,700,000 


Such an expenditure of national resources 
upon a single peaceful undertaking—not dic- 
tated solely or mainly by stra- 
tegic or political considerations, 
or thought of eventual profit 
—is, and probably will remain for all time, 
unparalleled in the annals of mankind. If the 


A Monu- 
mental Work. 


THE PANAMA CANAL. 


great work is carried to a triumphant con- 
clusion, as we hope and believe will be the 
case, the United States will have raised a 
monument to faith and perseverance of which 
they and all humanity may be proud. An 
enterprise so gigantic, carried on amid new and 
trying conditions, and involving great and 
seemingly hazardous departures from recog- 
nized engineering practice, must inevitably 
arouse criticism and hostility. Its history will 
doubtless record mistakes; from time to 
time plans have had to be modified and even 
radically changed; now and again accidents 
have occurred, and are quite likely to cause 
vexatious delays and trouble in the future. 


All these things, however, must be looked for 
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when men face immensity and the unfamiliar. 
Equally inevitable are the carpings of the timid 
folk of whom President Roosevelt spoke in the 
special message communicated to Congress on 
his return from the Canal Zone in 1906. He 
recognized the epic nature of the task under- 
taken by his country, and claimed for the 
men engaged upon it credit equal to that which 
would be given to the leaders of a victorious 
army. The day for awarding honours has not 
yet been reached; but, in the meanwhile, 
we may agree with the ex-President in regard- 
ing the future Panama Canal as high among 
“the greatest conquests, whether of peace or 
war, which have ever been won by any of the 
peoples of mankind.” 





PRESIDENT ROOSEVELT’S VISIT TO THE CANAL WORKS. 
THE PRESIDENT DICTATING A MESSAGE. 
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INTERIOR OF A DINING SALOON ON THE RHODESIA RAILWAYS. 


THE CAPE TO 


CAIRO RAILWAY. 


BY HOWARD HENSMAN, 


Author of 
“4 HISTORY OF RHODESIA, “CECIL RHODES: A STUDY OF 4A CAREER, Ete 


Y railway would be the backbone 
and spinal cord to direct, con- 
solidate, and give life to the nu- 

merous systems of side railways which will 

connect the vast central road with the seas 
on either hand.” These were the memorable 
words used by the late Mr. Cecil Rhodes 
when he first outlined his daring project for 
a railway that should bring Egypt and the 
Nile into direct communication with the 


flourishing States in the southern portion of 
the African Continent. No better definition 
of the object of the “ Cape to Cairo ” railway 
line, or of the purpose that Mr. Rhodes had 
in his mind when first work was begun on 
this line, is required. Further, this is a defi- 
nition that has never been lost sight of by 
those into whose hands the carrying forward 
of the scheme has fallen. | 
The glamour and the grandeur of this line 


THE CAPE TO CAIRO RAILWAY. 
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of railway, to 
be driven right 
through Africa, 
appealed even to 
the hard-headed 
financiers of Cape 
Town and Johan- 
nesburg, and 
money was imme- 
diately forthcom- 
ing to enable Mr. 
Rhodes to make 
a commencement 
from the terminus 
of the existing 
Bechuanaland 
railways north- 
wards through Mafeking and the old Tati 
goldfields to Bulawayo, a _ short time 
previously the head kraal of the last of 
the Matabele chiefs, Lobengula. This sec- 
tion of the line, however, proved to be 
much more expensive than had been an- 
ticipated, and long before the rails reached 
Bulawayo Mr. Rhodes found himself com- 
pelled to dip deeply into his private purse 
to provide the necessary capital. He was not 
the man, however, to let a question of money 
stand in the way of the realization of any 
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(Photo, British South Africa Company.) 


151 





THE OLD WAY OF TRAVELLING IN SOUTH AFRICA, AND-—— 


(Photo, British South Africa Company.) 


scheme upon which he had set his heart, 
especially as he had the immense resources of 
the powerful De Beers Diamond Mining Com- 
pany at his disposal. 

The “Cape to Cairo” line—to give it the 
popular name conceived in a happy moment 
by Mr. Rhodes—was built in sections, money 
being provided for each sec- 


tion as the one behind it was ee the 
finished. Thus the first sec- ie 


tion of the line ran from the 
terminus of the Cape Government railway 
system at Vryburg to 
-; -—=— Mafeking; and the sec- 
ond from Mafeking over 
the border into Rho- 
desia and on to Bula- 
wayo, now the com- 
mercial capital of that 
great country. The 
combined length of 
these two sections is 
558 miles. Construc- 
tion between Vryburg 
and Bulawayo was a 
record-breaking piece of 
work, despite the draw- 
backs which 
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capped the engineers. Between the com- 
mencement of the work and the laying of 
the last rail at Bulawayo only twelve months 
elapsed. 

Bechuanaland is for the most part a flat, 
sandy country, rather arid, but presenting 
few difficulties from an engineering point of 
view. Rivers and valleys are few and far 
between ; while, as in the case of the great 
trans-continental railways of Canada and the 
United States, it is here possible to push 
ahead in almost a straight line. The stand- 
ard South African gauge of 3 feet 6 inches 
was adopted, in order to permit through 
trains to be run from Cape Town without 
the necessity for transhipment. 

Bulawayo was reached on October 19, 1897, 
and on November 4 the line was formally 
declared open to traffic amid a scene of great 
popular enthusiasm. The track 
for some distance outside Bula- 
wayo had been decked for the 
occasion with tall Venetian masts and lines of 
bunting, while the engine hauling the first train 
to arrive from the south was also gaily deco- 
rated. <A large party of English notabilities 
had gone out to Rhodesia at the invitation of 
Mr. Rhodes to take part in the festivities, 
which were kept up for some days. The 
length of the line from Cape Town to Bula- 
wayo is 1,362 miles. 

At Bulawayo the work of construction 
paused for a time while detailed surveys were 
carried out northwards, to determine the most 
suitable route. Further, it was 
necessary to provide additional 
capital for the next section of 
the line. Mr. Rhodes had 
hoped that by this time the Imperial Govern- 
ment would have realized the great value of 
this railway to the whole of the South African 
States, and as an agent of civilization in the 
virgin North. Accordingly he visited Eng- 
land in the spring of 1898, and wrote a letter 
to the then Colonial Secretary (Mr. Joseph 
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Chamberlain), laying before the Government 
certain proposals with regard to the exten- 
sion of the railway from Bulawayo towards 
Lake Tanganyika, and inviting the co-opera- 
tion of the Government in the scheme by 
means of a collateral guarantee with the 
British South Africa Company of the interest 
upon the capital required for the construc- 
tion of this portion of the route, some 700 to 
800 miles. Had the Imperial Government 
been willing to render its assistance in this 
manner, there was every probability that tho 
Cape Government would have taken its share 
in the liability. Mr. Rhodes estimated the 
cost of building this line to Lake Tanganyika 
at two millions sterling, taking as a guide 
the fact that the line from Vryburg had cost, 
roughly speaking, £3,000 per mile. It was 
proposed that this portion of the railway 
should be constructed in sections of about 
200 miles each, passing across some of the 
richest mineral belts in Rhodesia, and through 
a country well suited for every form of agri- 
culture. Another point that Mr. Rhodes em- 
phasized was the fact that it had long been 
the policy of the Imperial Government in 
India and in other portions of the Empire 
to encourage railway enterprise by subsidies 
and guarantees. He pledged himself to pur- 
chase the whole of the necessary plant, equip- 
ment, and rolling stock in Great Britain if 
this assistance were rendered him. Seeing 
that it was estimated that something like 
160,000 tons of material—apart from all roll- 
ing stock—would be required for this portion 
of the route, British trade would have bene- 
fited very considerably. Prolonged but un- 
successful negotiations took place between the 
Imperial Government and Mr. Rhodes. He 
therefore proceeded to Berlin, and interested 
the German Emperor in his scheme, receiv- 
ing from him promises of substantial assist- 
ance—when the line should at length reach 
the boundary of German East Africa. Mr. 
Rhodes then set about finding another way 
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of raising the necessary capital for the con- 
tinuation of his line, and at last, after many 
anxious moments, the landowners and mining 
companies in Rhodesia promised to subscribe 
the greater portion of the money required in 
return for certain valuable concessions. 

The route originally proposed for this line 
north of Bulawayo ran through the Selukwe 
and Mafungabusi districts on account of the 

valuable gold deposits and 
‘considerable coalfields which 
they contained. These it was 
desired to work at the earliest possible mo- 
ment, After crossing the great Zambesi River, 
the line was then to travel almost due north 
to the southern shores of Lake Tanganyika. 

In May 1899 construction work towards the 
north commenced. The first section of the 
line was to run from Bulawayo to the Globe 
and Phoenix gold mine, one of the largest 
and richest in Rhodesia. No sooner, how- 
ever, had the work been taken in hand seri- 
ously than the war with the Boers of the 
Transvaal and the Orange Free State broke 
out, and operations on the line were para- 
lyzed owing to the difficulty of getting up 
plant and material from the south. 

The delay made for good in one direction, 
however. It gave the engineers in charge of 
the work an opportunity to examine the 
country to the north more carefully than had 
been possible previously. Reports from those 
engaged in the building of the trans-African 

“telegraph—which Mr. Rhodes always re- 
garded as the pioneer of his larger scheme 
for the railway—showed that the country 
through which it was proposed to carry the 
railway would prove a very difficult one from 
an engineering point of view, much bridging 
and viaduct building being necessary to cross 
the rivers, gorges, and ravines. The coal 
areas of the Mafungabusi district, moreover, 
though large in extent, were proved, after 
careful analysis of samples, to contain de- 
posits of but small commercial value. 


Progress of 
the Line. 
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After careful consideration, therefore, it was 


decided to seek an alternative route. The — 
surveyors went out and found one. It had 
been arranged, when work on 

A New 


the main line northwards from 
Bulawayo was commenced, to 
construct a branch railway with a 2-foot gauge 
from that town north-westwards to the won- 
derful and awe-inspiring Victoria Falls, in 
order to tap the immense areas of high-grade 
coal located in the Wankie district some 50 
miles on the Bulawayo side of the Falls. This 
route, it was now decided, should form the 
main line, and have the usual South African 
gauge of 3 feet 6 inches. To carry the rails 
over the Zambesi promised to be a knotty 
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A BRIDGE ON THE MAIN LINE. 


problem for the engineers to solve; but Sir 
Charles Metcalfe, the consulting engineer of 
the line, and those with him, were convinced 
that the difficulty could be overcome, and sub- 
sequent achievements have proved their faith 
to be justified. 

By the selection of this route a very much 
easier line of country for the railway was 
secured ; there were but few watercourses to 
cross, and no need for very heavy bridging 
or cutting. As soon as it was possible to get 
to work again, no time was fost in pushing 
the railhead forward to the Victoria Falls, 
where it arrived early in 
1905. Then work upon the 
line north of the Falls 
through North-western Rho- 
desia to the important 
settlement of Kalomo was at 
once commenced. This latter 
section of the line belongs, 
we should notice, to the 
Mashonaland Railway Com- 
pany, and not to the Rho- 
desia Railways, Limited, 
which had brought up the 
line from Vryburg. Kalomo, 
93 miles north of the Vic- 
toria Falls, was reached on 
May 29, 19065. 

As the building of the 
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Victoria Falls Bridge has been 
described in a previous article 
(pp. 90-101, vol. i.), a mere 
reference to this remarkable 
feat of engi- 
neering will 
suffice here. We may men- 
tion in passing that the elec- 
tric transporter used to move 
building material across the 
gorge was worked with cur- 
rent generated by powerful 
dynamos situated at the foot 
of the southern tower, and 
driven by power obtained direct from the 
Falls themselves. The success of this instal- 
lation is responsible for the great scheme 
of utilizing the gigantic force of the Falls 
for the gold mines of Rhodesia and the 
Transvaal Rand. 

The work of carrying the necessary material 
for the railway along the line proved a task of 
no small magnitude. At first the existing lines 
of the Cape Government rail- 
way system were employed for 
this purpose ; but, as the line 
was hurried forward towards the north, other 


Victoria Falls. 
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A MIXED TRAIN, 
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means of conveyance were sought, because the 
cost of freight over the railway was very 
heavy, and during the war especially the Cape 
railways were 80 crowded with supplies for the 
army, and so liable to be destroyed by the 
Boers, that great delays occurred. Some use 
was then made of the Portuguese port of Beira 
on the south-eastern coast, whence a line of 





RAILWAY PIER NO, 1 AT BEIRA. 


railway runs to Salisbury and Bulawayo, 
forming a junction with the ‘‘ Cape to Cairo ” 
line at the latter town. 

For the section of the railway beyond the 
Victoria Falls an effort was made to import 
the necessary plant and material wid the 
British Central African port of Chinde, at the 
mouth of the Shiré River, and take it by 
bullock - wagon and mechanical transport 
across country to the route of the line. This 
method was quickly abandoned owing to the 
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expense, to the slow movements of the trans- 
port trains, and to the consequent uncer- 
tainty of delivery, to say nothing of frequent 
breakdowns. To-day therefore nearly all the 
necessary material and equipment for the line 
travels vid the railway itself, though some 
portion of it still comes by way of Beira and 
the East Coast route. It may be added that 
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those who have been in charge of the railway 
since the death of Mr. Rhodes have adhered 
steadily to his principle, that, as far as pos- 
sible, everything necessary for the equipment 
and maintenance of the line should be bought 
in Great Britain. This principle has had to 
be departed from upon certain occasions ow- 
ing to British manufacturers being unable or 
unwilling to supply bridges, locomotives, etc., 
to the specifications drawn up by the engineers 
in charge, or to deliver material by the dates 
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required. Such departures have,. however, 
been the exception rather than the rule. 

In this connection a story may be told of 
the late Sir William Harcourt, dating from the 
time when Mr. Rhodes and all his works were 

anathema to the late states- 


The Rails man. Sir William took pleas- 
and the ure in satirizing the ‘“‘ Cape 
Chancellor. 2 


to Cairo” Railway as a “ wild- 
cat’ scheme, “‘ lead- 
ing from nowhere to 
nowhere.” He hap- 
pened to be paying 
@ visit to his con- 
stituents in the 
Ebbw Vale _ dis- 
trict, and was taken 
over one of the larg- 
est iron foundries in 
the district. They 
showed him steel 
rails being manu- 
factured literally by 
the thousand, and 
he asked presently 
what was their des- 
tination. ‘‘Oh, these 
are for the ‘ Cape to 
Cairo’ Railway, Sir 
William,” replied his 
guide, with a smile 
provoked by his re- 
collection of the 
Chancellor’s recent 
attacks on the feasibility of the line. 

There were some stirring adventures in the 
early days of the construction of the railway 
through Rhodesia. It was often necessary to 
move loads of material long 
distances in front of railhead, 
and bullock-wagons were usu- 
ally employed for this purpose. Experiments 
carried out with steam traction-engines proved 
unsuccessful, owing principally to the lack of 
water and suitable fuel in many districts. A 
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(By permission of Mr. A. L. Lawley.) 
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man who had recently gone out to Rhodesia 
in charge of one of these engines found him- 
self stranded half-way between his starting- 
point and his destination by an empty boiler. 
‘Where is all the water?” he asked of the 
native guide as he gazed around him. “ Does 
it never rain in this country?” The guide 
grinned broadly. That night a terrific trop- 
ical thunderstorm broke over the party, beat- 
ing down their tents, 
soddening their food, 
and sinking the en- 
gine so deep in the 
mud that nearly a 
week was occupied 
in digging it out 
again, The driver 
thus speedily learnt 
the nature of a 
South African rain- 
storm. 

Exciting encoun- 
ters with lions and 
elephants have been 
very frequent along 
the line. There was 
a stand-up fight once 
between a lion and 
lioness and _ four 
native workmen 
armed only with 
crowbars and_ pick- 
axes. Though all 
the men were badly 
mauled, they managed to keep the brutes at 
bay until a party armed with rifles reached 
the spot and dispatched the 
two animals. On another Emcounters 

; : . with Lions. 

occasion a construction train 

was puffing along with a heavy load of 
material near Gwelo when a full-grown lion 
was sighted stretched right across the line, 
and basking peacefully in the sun. In reply 
to the whistle of the engine, the brute looked 
up lazily, but did not attempt to move. The 
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STANDARD 8-WHEELED COUPLED LOCOMOTIVE 
USED ON THE RHODESIA RAILWAYS. 


(Photo, British South Africa Company.) 


efforts of the driver and the stoker to drive 
him off the line by pelting him with billets 
of wood were no better rewarded. The train 
was on the point of coming to a standstill 
when the lion lost his temper. He took a 
sudden spring at the engine, seeking in vain 
for something on its smooth surface into which 
it could drive its claws, and thus secure a 
foothold. Again and again the beast sprung, 
falling clear of the engine every time. The 
driver then realized that the best thing to do 
was to go full steam ahead and trust to the 
weight of the trucks behind him to keep the 
train on the line and clear the lion from its 
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A PETROL-DRIVEN RAILWAY INSPECTION CAR. 
(Photo, British South Africa Company.) 
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path. This was done, with the result that the 
lion—a magnificent specimen~was cut to 
pieces by the engine wheels. 

Less trouble has been experienced with the 
natives along the route of the line than was 
so freely predicted when the project was first 
mooted by Mr. Rhodes. One 
reason for this is undoubtedly 
that the natives of those por- 
tions of Matabeleland and Mashonaland through 
which the line passes had to some extent be- 
come accustomed to the white man and his 
ways before the railway came amongst them. 
Even north of the Zambesi, where, till a few 
years previously, a white man had scarcely 
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ever been seen, the natives have not shown 
any desire to interfere with the line or with 
the men engaged upon it. As a matter of 
precaution, the white men in charge of the 
gangs of native workmen have with them a 
supply of rifles and revolvers ; but these have 
so far been used entirely for repelling wild 
animals. This is in marked contrast to the 
experience of those engaged in the construc- 
tion of the Uganda Railway. 

The attitude of the natives north of the 
Zambesi has been chiefly one of pure curi- 
osity. The whistle of the locomotives proved 
at first rather a severe trial to their nerves. 
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They could not understand by what means 
the trains travelled along. The only method 
of transport known to the simple-minded 
tribes of Central Africa was teams of oxen. 
It is recorded that, when the first train passed 
the Falls on the journey northwards, a large 
number of natives assembled at one of the 
stations to stare at the boiler and watch the 
animals come out of it! It took some time 
to convince them that 
there was not a large 
train of oxen hidden 
away somewhere, and 
that the engine was 
merely driven by the 
action of fire on 
water. To-day, how- 
ever, they have become 
much more sophisti- 
cated, and regard the 
arrival and departure 
of the trains with in- 
difference. 

Another difficulty 
that Mr. Rhodes was 
warned would trouble 
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Africa was the lack of 
sufficient native labour. 
The ever-present diffi- 
culty of providing sufficient Kaffirs for work 
in the mines of Johannesburg 
and Kimberley, and the even 
greater scarcity of labour 
in the Rhodesian mines, was used in support 
of this argument. Mr. Rhodes believed, 
however, that this was by no means an 
insoluble problem, and experience has justi- 
fied his belief. Such labour troubles as have 
occurred along the line have been quite un- 
important and purely local in their effects. The 
explanation of this satisfactory condition of 
things appears to be that the natives would 
much rather labour on a railway running over 
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A STRETCH OF LINE NORTH OF THE VICTORIA 
FALLS. 
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the surface of the land than delve in mines 
beneath. Those who have studied most closely 
the labour question of South Africa are con- 
vinced that it is the dislike, and even the fear, 
of the natives for working underground that 
is responsible for a great deal of the scarcity 
of Kaffir labour of which one hears so much 
from time to time. When the Zambesi had 
been crossed, the natives showed great willing- 
ness, and even eager- 
ness, to take part in 
the work of construc- 
tion ; and while making 
the survey for the sec- 
tion of the line north 
of its present terminus 
at the Broken Hill 
Mine, Sir Charles Met- 
calfe found the natives 
of superior physique 
and intelligence, and 
apparently eager to ob- 
tain work on the line. 

So far the revenue 
earned by the sections 
of the line opened for 
traffic has been satis- 
factory and quite up 
to expectations. For 
the year ending Sep- 
tember 30, 1907, 204,725 
passengers were carried on the “Cape to Cairo” 
line and its branches; while 
for the year ending September 
30, 1908, the number had risen 
to 235,772. The value of goods and mineral 
traffic during the first period was £325,116, 
and during the second £331,915 (approxi- 
mately). Whether this condition of affairs 
will continue to prevail as the line is carried 
further forward remains to be seen. 

Three years ago the late Mr. Alfred Beit 
left a million pounds sterling for the’ develop- 
ment and extension of the “Cape to Cairo” 
Railway, of which he was one of the earliest, 
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EMBARKING A LOCOMOTIVE ON PONTOON FOR 
FERRYING ACROSS THE KAFUE RIVER TO WORK 
THE LINE ON THE NORTHERN SIDE DURING THE 
ERECTION OF THE KAFUE BRIDGE. 


(Photo, by permission of Mr. W. L. Lawley.) 


and certainly one of the warmest, supporters. 
Considerable surprise has been expressed in 
many quarters that further extension north- 
wards was not undertaken immediately this 
money became available. Those at the head 
of affairs, however, decided to obtain further 
and more detailed information as to the char- 
acter of the country northwards to Lake Tan- 
ganyika, its resources, and the possibility of 
this portion of the line paying its way, before 
taking any definite steps. It 

must be borne in mind that 
experience all the world over 

goes to show that the rail- 
ways that pay best are those 
which have several outlets to 
the sea. In the case of tho 
trans-African line, the only 
branch of this description 
that it possesses at the pres- 
ent time is the line from 
Bulawayo and Salisbury to 
Beira. The Central African 
portion of the railway there- 
fore can hope to pay for 
many years after its con- 
struction only by means of 
branch lines running east 
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and west to the sea. Until some possibility 
of these “feeder” lines being constructed 
became apparent therefore, the authorities 
decided that it was better policy to stay 
their hands at Broken Hill. As will be seen 
a little later, the possibility of several of 
these branch lines being built has at length 
(February 1909) taken definite shape. 

The portion of the line from the Victoria 
Falls to Broken Hill was pushed forward with 
extraordinary speed. This section of the line, 
375 miles in length, was com- 
pleted in June 1906, the last 
241 miles of the line being laid 
in 346 days. The average rate of progress was 
about a mile a day, but in twelve hours on 
September 26, 1905, no less than 5} miles of 
track were laid, an easy record in plate-laying. 
From 3,000 to 5,000 labourers were constantly 
employed upon this portion of the line, super- 
vised by a staff of about 350 white men. 
Fully 50 miles of the line to the north of the 
Zambesi were laid before the bridge over the 
Victoria Falls was completed, the necessary 
plant, material, and equipment being con- 
veyed across the gorge by the electric trans- 
porter. 


Extension to 
Broken Hill. 


LOCOMOTIVE CROSSING THE KAFUE RIVER ON PONTOON. 


(Photo, by permission of W. L. Lawley.) 
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The country along this section of the line 
proved extremely favourable for railway con- 
struction. The great plateau of Central Africa 
here rises to an average height of from 4,000 
to 5,000 feet, and is very level. Few rivers 
of any importance are to be found here. The 
first bridging work of any magnitude was over 
the Kafué River, which runs along the boun- 
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THE NORTHERNMOST RAILS, BROKEN HILL. 
(Photo, by permission of Mr. W. L. Lawley.) 


dary of the Congo Free State, and forms the 
chief tributary of the Upper Zambesi. It is 
a broad, placid, and comparatively shallow 
stream, so that to carry a bridge across it was 
a work of no very great difficulty. The spot 
chosen for the line to cross the Kafué is 
about as wide as the Thames at Westminster. 
There are thirteen spans of 100 feet, sup- 
ported by substantial stone piers sunk deep 
into the river bed. It proved a work of some 
magnitude to construct these piers, and the 
bridge is regarded as one of the handsomest 
and strongest to be found in Africa. Caissons 
were sunk in the usual manner, and the piers, 
of local granite, were gradually built up in- 
side them. It was very difficult to induce 
natives to work in these caissons until their 
fears had been allayed by the careless and 
indifferent manner in which the white men 
descended to the river bed. Even then the 
influx of quite a small quantity of water into 
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one of the caissons was sufficient to make thé 
natives clamber hastily to the top, almost 
yellow with fear. 

The manner in which the line will be carried 
forward is now plainly to be seen. In place of 
Mr. Rhodes’s scheme for one line running right 
across Africa, the next genera- 
tion is likely to see two of 
these lines in full working 
order. The original route of the line runs 
north-eastwards from Broken Hill through 
the comparatively unknown country of North- 
eastern Rhodesia to Abercorn, a settlement 
close to the southern edge of Lake Tangan- 
yika, and named after the present President 
of the British South Africa Company. A 
branch line is to be constructed from this 
point eastwards through Fife—named after the 
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THE LAST TELEGRAPH POST, BROKEN HILL. 
(Photo, by permission of Mr. W. L. Lawley.) 


Duke of Fife, one of the original directors of 
the Chartered Company—to the growing port 
of Karonga, on the north-western corner of 
Lake Nyasa. As soon as the line reaches 
Abercorn a service of steamboats is to be 
placed upon Lake Tanganyika, and the rail- 
way carried northward through German 
territory from the upper end of the lake 
towards the Uganda Railway and the Nile. 
The second of the trans-African railways 
now projected will likewise have its starting- 
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A BRIDGE ON THE RHODESIA RAILWAYS. 


point at the present terminus at Broken Hill. 
This line has only recently been suggested, but 
it bids fair to be constructed first. An inde- 
pendent railway company is being formed to 
carry the rails forward from Broken Hill to 
the mining settlement of Bwone Macubwa, 
where the copper lodes already discovered, 
and said to be very valuable, only await the 
arrival of the railway to make energetic de- 
velopment possible. Several of these copper 
lodes are found in caves of shining malachite 
of surpassing beauty, described by people who 
have seen them as more like a scene from the 
Arabian Nighis than actual facts. Some of 
the ore assays up to 37 per cent. of copper. 
From Macubwa a Belgian company, lately 
formed in Brussels, will carry the line some 
50 miles or so into the interior of the Congo 
Free State. This will open up 
another district very rich in 
copper. An ambitious scheme 
has been propounded by the authorities of the 
Congo Free State to extend the rails right 
across the hinterland of that vast territory— 
throwing off several branches towards the sea 
on the way—past Lake Chad, and on through 
French possessions to the Mediterranean at 


Algiers, or some other suitable port. This 
(1,408) 


A Belgian 
Line. 
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scheme has been very carefully considered by 
both the Belgian and the French Govern- 
ments, and it is not anticipated that there 
will be any difficulty in the way of raising 
the necessary capital. So far as is known 
the country through which this line would 
pass is a very easy one from the point of 
view of the railway engineer, though there 
will be several watercourses to cross, includ- 
ing, of course, those mighty waterways, the 
Congo and the Niger. It is also believed that 
the line would commence to pay almost as 
soon as completed. 

According to Sir Charles Metcalfe, who has 
been the moving spirit in the “ Cape to Cairo ” 
line since the death of Mr. Rhodes, the future 
route of this railway, after it 
enters German territory to the 
north of Lake Tanganyika, will 
be approximately that of the trans-African tele- 
graph (see vol. i., pp. 193-204). The German 
Government has had under consideration for 
some little time past several schemes for the 
construction of railways right through Ger- 
man East Africa from the sea. These, accord- 
ing to the plans that have been drawn up, 
will all concentrate upon the Cape to Cairo 
line at Udjidji. Another junction farther 

VOL. I. 
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north is contemplated between the trans- 
continental line and the Uganda Railway on 
the shores of the great Victoria Nyanza. From 
this point to the head of the Sudan railway 
system at Khartum is comparatively a short 
distance—as distances are judged in Africa. 
Probably the Germans will themselves decide 
to build and maintain the 600 miles of trunk 
railway passing through their territory. It is 
estimated that ten years will elapse before the 
first train runs through from Cape Town to 
Alexandria ; but that the line will ultimately 
be completed and open for traffic from one 
end of Africa to the other no one who is in 
touch with what is going forward can doubt. 
And when that comes to pass Cecil Rhodes 
will have received the memorial which he 
would have prized the most. 


OF THE WORLD. 


PRINCIPAL STATIONS AND DISTANCES 


FROM CAPE TOWN. 


Vy Dar Beis isis vans cdaisneisiaishacisarenaes . 774 miles. 
Mari bog iis icisssocitaasvavecinvesenverew 821 ,, 
Mafeking...........ssssssecees Sinkoneesseeu’ 870 ,, 
Lobatsi, ......ccccccsveees ere rr ere sneeet 917 
Giaberones.......cccccsevecccececceveseeseses 962 4 
MOGUL «ss tcncicestaste eaten ones 004 ,, 
Mamabullay ......cccccccesescsesseeevesseens 1,050 ,, 
Palapye Road...............ccecceseeee eens 1,133 55 
Francistown. .........cccccceccccccreeseness 1,235 45 
PRAMAS oi kia oriole sas hes enveasenayies 1,296, 
Bula wa 9 Ovieeciucdrsaccdevnauacusssieans 1,362 ,, 
Nyamandhlovu.............cccceseeseenees 1,393 4» 
Gwaai. ........ Ae ad bna ce iacinamuaceeeeaie 1451 ,, 
51S 7s | ee ed 1,509 ,, 
WY BY s5 oo neces eu cea easesannieene 1,574 ,, 
Victoria Falls ..........cccccceucccceasscees 1,642 ,, 
Livimgstone..........cccccecesceeseaseeeeees 1,649 ,, 
COMME sedis digas catitenccCorteonnte 1,779 ,, 
Chipongwe, ..............cccsceeeeseeceneees 1,921 
Broken Hill..............cccccccesustceeees 2,017 5, 





MAFEKING, BULAWAYO LINE. SHOWING IMPROVED TRACK, TEMPORARY WOODEN 
TANKS FOR WATER, AND NEW OVERHEAD CAST-IRON TANK OF 30,000 


GALLONS CAPACITY. 





JAMES B. EADS, THE DESIGNER AND ENGINEER OF THE ST. LOUIS BRIDGE. 
(Rischgitz Collection.) 


THE ST. LOUIS BRIDGE. 


BY LESLIE WILLIAMS, M.A. 


OWARDS the middle of last century 
the rapidly-growing city of St. Louis 
was forced to recognize that the mag- 

nificent waterway on the right or western bank 
of which it stands, and to which it owes its 
origin, was in danger of becoming a hindrance 
rather than a help to its commercial activities. 
The railway system of the United States was 
developing apace, and quickly linking up out- 
lying towns with New York, and the industrial 
centres of the Kast ; but between the railway 
and St. Louis ran the formidable and at times 
impassable barrier of the unbridged Mississippi. 

Recently augmented by its great tributary, 
the Missouri, the river sweeps past the bluffs 
upon which the city is built with one of the 
broadest bosoms of running water in the world, 
and offers to the engineer difficulties out of 
proportion even to the vast width and volume 


of its flow—difficulties which, as is not sur- 
prising, remained unsurmounted until James 
B. Eads had completed his famous bridge in 
1874. 

The ever-shifting currents and sand-banks 
of the Mississippi, at all times of the year a 
turbulent stream, are familiar to those who 
have read Mark Twain’s fas- 
cinating stories of river life, 
and are due not merely to the 
frequently-recurring floods, but also, and in 
greater measure, to deeper and less obvious 
causes. To the discovery, by long and pa- 
tient investigation, of these causes, no less than 
to his skill as a constructive engineer, Hads 
owed the unqualified success of his great un- 
dertaking. 

In response to invitations from the city 
authorities, various proposals for spanning the 
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river had been brought under consideration 
from time to time. As early as 1839 Charles 
Ellet, an engineer whose genius 


An Early was somewhat in advance 
Bridge of his times, designed a sus- 
Proposal. 


pension bridge of three spans, 
of 900, 1,200, and 900 feet respectively, to 
be carried on piers built upon foundations of 
piles. The startling boldness of this scheme 
was too much for the authorities, who gladly 
dismissed it on the score of expense. Later, 
plans for a suspension bridge of one 1,500 feet 
span, similar to that across Niagara, and for 
a tubular bridge, also failed to obtain finan- 
cial support. 

Meanwhile engineering science was advan- 
cing, and Eads was persistently studying the 
habits of the river, and particularly, by means 
of a diving-bell, the nature of 
its bed. The conclusions he 
was able to arrive at are, 
apart from their practical bearing upon 
bridge-making, interesting enough in their 
physical explanation to be set forth some- 
what fully. The Mississippi, where the cur- 
rent permits, is frozen over in winter, and 
enormous quantities of floating ico come down 
to St. Louis from the colder northern regions 
of the river basin. A sand-bank or a sunken 
wreck, serving to hold up the flow, may start 
a ‘‘ jam” reaching from bank to bank. Such 
an accumulation, called an “ice gorge,” 
quickly becomes, under the influence of frost, 
a solid mass 20 feet thick, constantly increas- 
ing its size and damming back the water for 
miles up-stream. The current, sweeping small 
blocks beneath the obstacle, adds to its thick- 
ness from below ; and the water, subjected to 
an enormous and increasing pressure, scours 
its way through the gravel and boulders down 
to, and, in the course of the ages, deep into, 
the rocky strata of the bed. Eventually pres- 
sure overcomes resistance, and the accumula- 
tion breaks away, often with disastrous conse- 
quences in the lower reaches. These “ gorges” 
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generally occur where the breadth of the river 
is contracted, as at St. Louis, and put an 
absolute stop to traffic of all kinds, often for 
a week or ten days at a time. 

What would have been the fate of Ellet’s 
bridge, had his otherwise feasible design been 
carvied out, when once the scour got to work 
on his pile-borne foundations, odes 
it is easy to imagine. To Di sida risa 
stand any chance of proving 
permanent, it was clear that a pier must be 
carried right down to bed-rock, and although 
such an operation was not perhaps beyond 
the power of contemporary engineers, the cost 
of repeating it often enough to carry the short 
spans of those days across the wide river would 
have proved quite prohibitive. Added to 
this was the necessity for considerable height 
above water-level throughout the length of a 
bridge to accommodate the important steam- 
boat traffic ; for arise of thirty feet in flood is 
very usual, and, owing to shifting sand-banks, 
the navigation channel is continually changing 
its course. 

Such were the difficulties confronting the 
engineer when, in 1867—the approach of the 
railways now promising commercial success— 
Eads presented his plans to the 
recently-formed ** St. Louis and 
Yilinois Bridge Company,” an enterprise in the 
promotion of which he had taken a prominent 
part. Prompt approval met his proposals. 
Application for charters was made to the Legis. 
latures of Missouri and Illinois, a substantial 
capital was raised, and Eads was appointed 
chief engineer. Instantly rival concerns sprang 
into existence, eager to share in what was ob- 
viously a very valuable concession. Vested 
interests made their opposition felt, and the 
Company made little headway. However, 
work was begun on the west bank, in spite 
of the fact that another group of charter- 
holders, calling themselves the “ Illinois and 
St. Louis Bridge Company ” (observe the in- 
version of title) had actually commenced 


Eads’s Plans. 
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operations at the other end of what, in the 

eye of the law, was one and the same bridge. 

After protracted wrangling the 

A Rival frst-named association, sup- 
Scheme a 

frustrated, Ported by public opinion and 

by the exertions of their chief 

engineer, whose genius touched finance as 
well as his profession, finally ‘“ swal- 
lowed’” their rivals, while adopting 
their title. Meanwhile the credit of all 
parties had been impaired, and even 


after the compromise capital was diffi- === 


cult to raise. Again Eads came to the 
rescue, embodying his plans in a mas- 
terly and convincing report. The pub- 
lication of this remarkable document, 
reflecting the deep study and brilliant 
science with which the problem had 
been approached and finally solved, 
aroused world-wide interest and ap- 
proval among engineers and capitalists 
alike. Tho necessary funds were now 
obtained, and the work was pushed 
forward vigorously, despite the absence 
of the master spirit, whose health had 
broken down under the strain of the 
long negotiations. 

The salient feature of Eads’s design 
is the use of the ribbed arch, the con- 
struction of which will be explained 


; when the  superstruc- 
pauls ture of the bridge comes 

Eads’s Bridge. ; j 
under _ consideration. 


The State Legislatures concerned hay- 

ing wisely required, in the interests of 

navigation, a minimum length of 500 feet in 
one at least of the spans, arid the distance 
from bank to bank being 600 yards, the 
bridge is most fittingly carried over three fine 
sweeping arches, the centre one of 515 feet 
span, and rising 56 feet clear above high-water 
level at its crown; the side ones each of 495 
feet span, rising 51 feet. The superstructure, 
which, apart from the timbers immediately 
under the carriageway, is entirely of steel 


He bate Pues 
it 
all 
ne 


ve 
.. 
. « wee? ee 2 
e *e -.? . 
cs e ye ars 
et =e og the ete 4 
a 8 eer Se Est ge 8 
. ee . 
-*e, wit ete “ 
ee ve eee 
eo, * we a “a ater 
. a, 2h oe Mee 
. ae on ry 
ee. eo Py ef 
. -* bar y 
on . 5 
. ee ae 7 
Tete ee hi 
Le a 7 Ai 
Be Jay Nae * eee wy iy 
° at “@ 
NP lace Mea) 2 ° Ad 
. Be Se 
nd e,7 8 . * 


165 


and wrought iron, rests upon two stone chan- 
nel piers built up solidly from bed-rock, and 
springs from abutments on either bank, also 
of masonry, and massive enough to resist the 
enormous outward thrust of the arches. At 
the position selected for the bridge, or rather, 
forced upon the constructors by the earlier 
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SINKING THE CAISSON OF THE EAST PIER THROUGH 
THE SILT. 


This caisson reached rock at a depth of 119 feet below normal 


high-water mark. 


machinations of their rivals—who contrived 
that the approach should be from the centre 
of the city front, where land was dearest— 
the rock bed of the river slopes very steeply 
from the western side, and runs so deep below 
the eastern shore that Eads originally planned 
a pile-and-concrete foundation for the east 
abutment, at a moderate depth. Experience 
gained in, sinking the piers led him, however, 
to carry the foundations here also down to 
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BUILDING OUT THE ARCHES ON THE CANTILEVER PRINCIPLE. 


(From a Sketch by Howard Penton.) 


The arch ribs were supported by stout cables carried over temporary towers built on the piers. 


bed-rock, which was not reached until the 
shaft had been sunk 127 feet below high-water. 
On the St. Louis side the task was less for- 
midable, a depth of 47 fcet being sufficient. 

It was here that work upon the bridge was 
started, and the initial undertaking was the 
sinking of a coffer-dam of sheet piling to 
enclose a site for the founda- 
tions of the abutment. The 
piles had to be driven through made ground, 
at a point where the old steamboat wharf 
had been widened, and luck decided that the 
engineers should hit on the spot beneath which 
the wreck of three vessels, of 300 or 400 tons, 
lay upon the river bed. These hulks had been 
sunk beside the old levee during a disastrous 
conflagration in 1849, and were now found 
right down upon the rock, their position be- 
ing due to “scour ” of the current, and lying, 


Work begun. 


as regards two of them, the one across the 
other. To illustrate the action of the scour, 
and, at the same time, the thoroughness with 
which the chief engineer demonstrated his 
case, an extract may with advantage here be 
taken from Eads’s famous Report. Treating 
of the necessity for resting the 
piers of the bridge firmly upon 
the rock, he says: “ It is a fact 
well known to those who were 
engaged in navigating the Mississippi twelve 
years ago that the cargo and engine of the 
steamboat America, sunk 100 miles below the 
mouth of the Ohio, was recovered, after being 
submerged twenty years, during which time 


Vagaries of 
the Missis- 


sippi. 


‘ an island was formed over it and a farm estab- 


lished upon it. Cottonwood trees that grew 
upon the island attained such size that they 
were cut into cord wood and supplied as fuel 
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to the passing steamers. Two floods sufficed 
to remove every vestige of the island, leaving 
the wreck of the America uncovered by sand 
and 40 feet below water mark, where, in 1856, 
the property was recovered. Pilots are still 
navigating the river who saw this wreck lying 
near the Arkansas shore, with her main deck 
scarcely below low-water mark at the time she 
was lost. When the wreck was recovered the 
main channel of the Mississippi was over it, 
and the hull had been let down by the action 
of the current at the bottom nearly 40 feet 
below the level at which it first rested ; and 
the shore had receded from it by the abrasion 
of the stream nearly half a mile.” 

The coffer-dam used at the west abutment 
consisted of outer and inner jackets of close- 
fitting iron sheet piles, with the space between 
the two packed and rendered 
water-tight with clay. Before 
each separate sheet was sunk 
a path had to be cut for it with a chisel-edged 
iron pile, driven by steam. The obstacles this 
chisel had to deal with comprised oak timbers 
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four inches thick, paddle wheels, iron plates and 
furnace bars, and a heavy engine crank; and 
even when the dam was regarded as complete, 
it was found that large sections of the wrecks 
had been enclosed within the space or built 
into the walls. The pressure and necessary 
removal of these foreign bodies caused fre- 
quent flooding and considerable consequent 
delay in the operations. 

The difficulties at the west abutment have 
deserved notice from the curious mischance 
that gave rise to them; but the next section 
of the work to be undertaken, 


the sinking of the east pier, Pneumatic 
in the highest degree criti- Caissons 
ica g gt adopted. 


cal. It would appear that suc- 

cess or failure here was, in general opinion, to 
decide the fortunes of the whole bridge, and 
the engineers were well advised in proceeding 
promptly to settle the doubts of the capital- 
ists. Exploration borings had found bed- 
rock in this part of the channel at the great 
depth of 117 feet below the “city direc- 
trix’ or standard of high water, from which 
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COMMENCING ERECTION OF THE ROADWAY. 


THE RIBS COMPLETED. 


THE 


the elevations of the bridge are reckoned, and 
at low river the water ran 20 feet deep. The 
use of floating coffer-dams was at that time, 
in Eads’s words, ‘not unknown,” but the 
present attack upon so dangerous a stream 
as the Mississippi marked a very bold ad- 
vance. A visit to Europe in search of health 
incidentally gave Eads an insight into new 
methods of working under air pressure in sub- 
aqueous caissons, and he did not hesitate to 
discard his carefully prepared designs and 
work out fresh ones. All material was as- 
sembled upon the banks in advance, and on 
October 17, 1869, the caisson was towed to 
its place and the corner-stone of the great 
pier laid within it. For five months the work 
was pressed forward day and night, though 
storms and ice-packs constantly threatened 
interruption, and the caisson with its vast 
load sank steadily between its guide-piles, 
until, on February 28, 1870, it reached its 
final bed upon solid rock. The west pier 
reached rock two months later. The un- 
qualified success of these two operations 
decided Eads to settle once for all the ques- 
tion of the stability of the east abutment, by 
carrying it also down to bed-rock. The depth 
to be sunk in this case was greater by 8 feet 
than for the east pier, but acquired experi- 
ence simplified the task. When only the last 
ten feet or so remained un- 
done, the works were struck 
by a terrific tornado, said to 
have exceeded in wind pressure all existing 
records. Derricks, machinery, timbers—every- 
thing was swept off the abutment into the 
river; the scaffolding of the east pier and 
part of its stonework came down, and all wa; 
chaos. Yet, though the works were swarming 
with men at the time, the casualties only 
amounted to one killed and eight injured. 
The extreme violence of the hurricane may 
be estimated from the havoc it wrought upon 
the adjoining railway. A whole station build- 
ing was torn from its site and demolished. 
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Hurricane. 
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A heavy sleeping-car was carried bodily for 
seventy yards through the air, and empty 
freight cars for hundreds of yards. Most 
extraordinary of all, a 25-ton locomotive was 
lifted clear off the rails and deposited upside 
down at the foot of the embankment, without 
touching ground on the way. This terrible 
visitation cost the Company $50,000, but it had 
its value as an object lesson. The design of 
the superstructure was amplified with a strong 
wrought-iron wind-truss, reaching from pier 
to pier, calculated to resist lateral pressure 
upon the bridge of a storm of equal severity. 

The piers when finished rose 80 feet above 
the directrix, the abutments 68 feet. The 
tallest column of masonry is the east pier, 
which measures 200 feet from bed-rock to 
parapet, standing, in the normal condition of 
the river, with just half its height out of 
water. The material used is mostly lime- 
stone, faced from below water-line upwards 
with granite or sandstone. At the basis of 
the arches there is a solid course of granite 
eight feet thick. 

The parts of the steel superstructure were 
being prepared meanwhile at the Pittsburg 
works of the Keystone Bridge Company, one 
of the principals of which was 


the well-known Mr. A. Car- Pt as 
negie. The absolute accur- ~"P fe 


acy insisted upon by Eads, as 

regarded even the smallest details of material 
or fitting, exercised the patience of the con- 
tractors almost to breaking point; but in 
every dispute the engincer had his way, and 
his “ridiculous” stipulations in favour of 
security were carried out. The dominating 
feature in the design of the superstructure is, 
as has been said, the ribbed arch. For a 
better understanding of the mechanics of this 
contrivance the reader is referred to an article 
on “ The Development of the Bridge,” in vol. 
i., pp. 102-107, of this work. The cost of the 
material necessary in a truss of 500 feet span, 
argues Eads in his Report, is prohibitive. He 
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therefore uses the arch, which, by dispensing 
with the tension member altogether, reduces 
the weight to a minimum. The increased 
stress thrown upon the supports requires that 
they shall be of exceptional strength. But 
that quality is already required in them by 
the habits of the river. Therefore his design 
is the most economical for the situation; and 
his argument has enjoyed general endorse- 
ment. 

In the St. Louis Bridge each span consists 
of four arches, springing from massive steel 
plates, called skewbacks, built into the face 
of and anchored to the ma- 
sonry of the supports, 7 feet 
above high-water level. Each arch, or rib, 
is composed of two parallel tubular members, 
9 inches in diameter and 12 feet apart, inter- 
braced at intervals of about 12 feet through- 
out their length. The member is made up of 
a succession of steel tubes, about 12 feet long, 
secured to one another by composite joints, 
into each of which are bolted the ends of rigid 
braces from the two nearest joints of the 
parallel member. Adjoining ribs are 16} feet 
apart at the skewback, and converge to a 
minimum distance of 12 feet at the crown of 
the arch. Horizontal braces secure the four 
upper members, and similarly the four lower 
members, in their relative positions ; while a 
further system of diagonal bracing between 
each rib and its neighbours completes the 
scheme of resistance against lateral pressure. 

The construction of the tubes, of which 
1,036 were built into the bridge, is worthy 
of explanation. A steel plate was rolled up 
into a straight cylinder 12 feet long, and 
riveted. The internal surface of this envelope- 
tube was then lined with six close-fitting steel 
staves of the same length. The adjustment 
of these straight tubes to the curves of the 
arch was, of course, effected at the joints. 

The roadway, which, with the sidewalks for 
pedestrians, has a total width between para- 
pets of 50 feet, passes over the summits of the 
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piers, rising gradually some 13 feet between 
the abutments and the crown of the central 
arch. It is carried upon a 
timber platform resting on iron 
perpendiculars based upon the 
socket joints of the upper members of the 
ribs. The level of the two railway tracks 
which run between the outer pairs of arches 
on either side of the bridge, about 13 feet 
below the carriageway, is approximately that 
of the lower members at the crown of each 
arch. On the Missouri side, the road, joined by 
the railway emerging from a tunnel under the 
streets of the city, gains the bridge over an 
approach carried upon handsome stone arches. 
The Illinois bank is much lower ground, 
little above ordinary water-level, so a long 
viaduct of iron trestle-work leads up to stone 
arches matching those at the other end of the 
bridge. The whole erection, with its long, 
sweeping span, its tapering piers, and its 
graceful lattice-work, conveys to the beholder 
a pleasing sense of invincible strength com- 
bined with artistic proportions and out- 
lines. 

In the process of construction each arch 
was built up tube by tube from both ends 
simultaneously; the weight of the growing 
section being supported first 
by a cable carried back over 
a tower built on the summit of 
the pier or abutment, and, as its length in- 
creased, by a second cable carried over a minor 
tower erected above the point of attachment 
of the first cable. The crucial difficulty was 
experienced when the halves of the arch met 
at the crown and the corresponding tubes had 
to be “entered.” With the changes of tem- 
perature throughout the day and night the 
metal of the ribs and cables was always either 
contracting or expanding, rendering it almost 
impossible to get all the tubes in the right 
position at the same time. The solution was 
found in making the central tubes adjustable 
in length by a screw joint. The work was 
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now brought to a conclusion with remark- 
able speed, and the bridge was completed in 
June 1874. On July 2, amid 
intense excitement, the final 
test of its strength was made. 
Fourteen locomotives, first in two divisions 
of seven each, afterwards all in ao line upon 
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one track, steamed slowly across the bridge, 
while the carriageway above was crowded 
with vehicles, trams, and people. Everything 


proved satisfactory, and on July 4, Independ- 
ence Day, St. Louis celebrated in fitting style 
the triumphant completion of its great enter- 
prise. 


en 


LOUIS BRIDGE, SHOWING PRINCIPAL MEASUREMENTS. 









“pte yt. 75 wean : me ahaa LS at 
yor . * Acute Tl ‘ay 4 
i . yrooale s a ho) vee Bay 
: ; fons wE eo! Stop 
‘ . ? Pee et he, 7 att 2 . ee 
‘ 7 : ' F . wi ww : Re PO Paty 
? a | oo 
; 7 : vo ’ ts Wop ty 
1 i 4 ya nee e 
ay 2 
} ‘ 1 # ee ay eres rn | F 
' eo ‘ * eh ae 
’ PE ee ‘ 
ee ,* ‘ ‘ 
* wet oe ’ 
' toa : 
4 , 
; ome aera = A re i 
. : err ® 
a) a Pace ‘ t- 5 Hae 
. ’ 1 oF . "of . 4 ik ’ vert ae i ee 
, mf eae eek TF Sc ty ae 
' : Pare < oes ‘ ™ ' i * ned yt 
’ . m on 
' ' at . ey : s fe Le 7 se ee id 
. j ; Ps od a4 wy ee FE a MG, pire. a ' 
, poy . wee po vay ti oat 
: aa sy ye ar 7 ‘ 1 Naa ead he) 
oe . - Paras oy a Py ae 
toy toa . Fata 
y ' tw F) 4 
’ 
: 
fr 4 .* 
5 7 . . : 
e* “a, “ ‘ 
a . ' 
LT a 
: ; & ; 
te eit ¢. ‘it 
: -? thé. . 
4 rf - 
; yoy 
. 
+ 
' 
' 
F ' 
‘ 
‘ 
7 1 
‘ 
1 
Vs 
F . 
' 
‘ 
. 
a 
o 
a 4 t 
ad 
Paes 
, - ! rly 
1 
, 4 
' as 
a 
‘ 
e ’ f an 
; 
ha] 
ey 
3 
, 
4, 
’ ea x 
a 
ve 
' f 
' © 
r 4 


2 
6a ne EM Is oo! 





THE “ LUSITANIA”? IN DRY DOCK. 
Observe the steps or “altars” in the dock walls to give support to the shores, 
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EXCAVATING THE NEW WET DOCK AT SOUTHAMPTON. 
Preparation being made for building one of the side walls. 


DOCKS. 


BY ROBERT 


HEN a landsman thinks of a dock, he 
invariably has in his mind a water 
space of some kind enclosed by walls, 

along whose inner sides ships are moored. So 
far as it goes, the impression is accurate ; but 
it does not go far enough. There are several 
types of docks, some being variations of the 
original idea of a dock to fulfil particular re- 
quirements, and others being adaptations of it 
to suit local physical conditions. 

We may best begin perhaps by separating 
all docks into two main groups 
—namely, (1) docks in which 
ships load and discharge cargo, and (2) docks 
in which ships are cleaned externally, and re- 


Definitions. 
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paired and overhauled. Each of these main 
groups may be further divided, the first into 
wet docks and tidal docks, and the second into 
built docks (graving docks) and floating docks. 
The term ‘dry dock” applies to both the 
latter types. Originally ships went into dry 
dock for hull cleaning, and graving is used to 
express the process of scraping. The subject 
of floating docks is treated elsewhere. Here 
we will deal only with solid docks of masonry, 
which, as has been shown, are broadly divisible 
into wet docks, tidal docks, and dry docks. 
Before proceeding to explain what these are, 
and how they are constructed, the principles 
of their design should be made as clear as 
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possible. This necessarily involves the wider 
consideration of the principles expressed in 
every modern dock system. 
As in other branches of engin- 
eering, the designer is not at liberty to select 
the most suitable site, nor is he free to utilize 
the site imposed upon him strictly in accord- 
ance with the ideals of pure science. Not only 
is the community, whose industry has created 
the necessity for the docks, in existence, but 
it is linked by road, river, and rail with all the 
other national centres of activity. The neces- 
sary docks must therefore be constructed as 
near as possible to the bases of these lines of 
communication. To involve the problem fur- 
ther, it may happen that the most convenient 
site is the most difficult, and, consequently, the 
most expensive to work, Here the success of 
the engineer must obviously be a compromise 
between easo of access from the landward side 
and minimum capital cost. 

Even where there are no difficulties of the 
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character indicated—where the site is conven- 
ient and the ground easily worked—tides may 
be the factor of most importance. The cases 
of Liverpool and Glasgow are typical. Both 
these ports are on rivers ; yet a tidal range of 
thirty-one feet has made wet docks obligatory 
on the Mersey, while a tidal variation of about 
half that range has permitted tidal docks on 
the Clyde. No two dock problems are, in 
fact, soluble in the same way. 

The essential difference between a wet dock 
and a tidal dock is that, whereas by means of 
gates like those on the locks of a canal the 
water in a wet dock is maintained at a uni- 
formly high level, the water in a tidal dock is 
free to rise and fall through an open passage 
with the flow and ebb of the tide. Further on 
we shall deal with locks and lock gates. At 
this stage it is necessary to explain the pur- 
pose served by docks generally. We know, of 
course, the uses to which they are put, but we 
are not perhaps quite so certain as to why 
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THE 9254 FEET CANADA DRY DOCK, LIVERPOOL, THE LONGEST OF THIS TYPE IN THE WORLD. 
CONSTRUCTED FOR THE LARGEST ATLANTIO LINERS. 


DOCKS. 


there are, on waterways such as the Clyde and 
the Scheldt, not only river quays and docks, 
but jetties as well. 

The explanation is that, in order to keep 
down the capital cost.of a port scheme, as 
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increasing quayage without unduly enlarging 
the area of a port or the cost of working ships 
in it is by cutting up the site into docks. 

The ideal dock design is that in which the 
most quayage is shown in the smallest possible 





THE * DREADNOUGHT’”’? GOING INTO DRY DOCK. 


much as possible must be made of the site. 
Further, the port must be compactly arranged, 
or it will be a dear one for ship- 
ping. Suppose, for instance, 
the tidal variation on the 
Thames in the port of London were as small 
as the tidal variation on the Scheldt at Ant- 
werp, and assume for a moment that all the 
available quayage from the Tower Bridge to 
Tilbury were ranged along the sides of the 
Thames, tho eastern boundary of maritimo 
London would be somewhere out in the North 
Sea. A port built on these lines could not be 
worked at a profit. Even jetties such as those 
at New York and Glasgow would not bring it 
into working compass. Jetties and river quays 
are excellent; but the most effective way of 


Arrangement 
of a Port. 


(Photo, 8. Cribb.) 


area. This is achievable in a variety of ways. 
Two methods are illustrated by the Victoria 
and Albert Docks, London. The Albert is long 
and narrow, with just sufficient room for ves- 
sels to pass between the rows of vessels tied 
up at the quays; whereas the Victoria is com- 
paratively wide, with tongues jutting out into 
its water area. These are jetties, of course, but 
they are not quite tho same as 
river jetties. A river jetty is 
formed by cutting into the bank, whereas a 
dock jetty is built out into the water from the 
dock side. They achieve the same purpose, 
however, by accommodating at the very least 
two vessels where formerly one could barely 
be berthed. Better examples of the dock with 
tongues or jetties are the Tilbury, the Canada, 


Jetties. 
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MAP OF TILBURY DOCKS, SHOWING WET DOCKS, 
LOCK ENTRANCE, DRY DOCKS, AND TIDAL 
BASIN. 
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MAP OF SOME OF THE LIVERPOOL’ DOCKS. 


and the Huskisson at Liverpool, andthe Prince’s 
at Glasgow. At Marseilles there are jetties 
carried right out from the shore, and protected 
from the sea by a breakwater. At Southamp- 
ton the object is achieved partly by giving a 
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diamond shape to the Empress, an open basin 
or tidal dock, with plenty of deep water both 
in it and around it. The case of Southampton 
is, however, exceptional. To enable Atlantic 
liners to embark and land their passengers and 
baggage at Liverpool at any state of the tide 
a landing stage, 2,063 feet long and 80 feet 
broad, has had to be provided. This rests on 
floating pontoons, and is connected with the 
land by means of half-a-dozen bridges. The 
stage rises and falls with the tide. 

An essential to the effective use of docks is, 
of course, a suitable approach. The channel 
leading into a port must be adequately pro- 
tected from the sea. The breakwater at Mar- 
seilles represents one kind of provision. But 
as the majority of ports have natural protec- 
tion, the chicf trouble is to make and maintain 
adequately wide and deep and straight ap- 
proach channels. The Clyde has had to be 
deepened at enormous cost in order to main- 
tain the accessibility of Glasgow from the sea. 
Manchester has had to spend many millions on 


a canal. Liverpool, although distant but a 
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mile or two from open water, has to keep some 
of the most powerful dredgers in the world 
continually employed sucking sand from the 
Mersey Bar. On the Thames dredging is nearly 
always going on with the object of keeping the 


DOCKS. 


port of London open to ocean-going vessels of 
deep draught. Some important ports on estu- 
aries with large tidal ranges—Cardiff and New- 
port, for example—are accessible at high 
water only. 

The breakwater at Marseilles has been al- 
luded to. Works which achieve much the 
same end on a larger scale are to be seen at 
Dover and Plymouth in Eng- 
land, and at Colombo and 
Table Bay abroad. That at 
Dover is perhaps the most 
interesting example, because it is an open 
roadstead transformed into a tidal dock with 
two entrances. At Havre there are converg- 
ing breakwaters or training walls, to prevent 
accretions in the Seine estuary affecting the 
depth of water in the approach channel. At 
other but smaller Continental ports the ap- 
proach is formed by erecting parallel jetties, 
and deepening the channels so formed by suc- 
tion dredging. | 

As has been said, tidal docks are open basins 
in which the water falls and rises with the ebb 
and flow of the tide. One of the largest ex- 
amples of the type is the Prince’s Dock at 
Glasgow. This has a water area of 82 acres. 

Wet docks are not so easy to describe, 
although the structural differences between 
them and tidal docks extend no further than 

the entrances. In the case of 

the Tilbury Docks, which are 
typical, vessels leaving the river at a con- 
venient angle enter what is called a tidal 
basin. As arule the depth of water in modern 
tidal basins is slightly greater than that of the 
approach channel, the object of this being to 
enable a vessel to get into dock even after the 
tide has begun to ebb in the river. At Til- 
bury the tidal basin has a depth at low water 
of spring tides of 24 feet, which makes the 
main docks accessible at practically all stages 
of the tide. As the flood always brings in 
large quantities of mud, powerful jets of water 


are used to stir up the matter deposited while 
(1,408) : 
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the flood is ebbing. At other ports—Liver- 
pool, for example—sluice pipes serve the same 
purpose. 

At Tilbury a lock with a gate at each end 
leads from the tidal basin to the main dock. 
But at Liverpool, where space is extremely 
valuable, some of the older 
docks are entered through 
passages closed by a single 
pair of gates. The drawback of this arrange- 
ment is that vessels can only enter or leave at 
the time of high water or a little before it. 
By opening the gates before high water the 
depth in the dock is reduced, but the flood 
soon makes good the deficiency. The gates 
must be closed, of course, before the ebb be- 
gins. In some instances, however, the incon- 
venience of this arrangement is removed by 
interposing between the exit of the tidal basin 
and the entrance to the main dock a half- 
tide basin, which serves to pass several vessels 
at once into or out of main docks at the half 
tide—in other words, before high water. 

In some instances—in the port of London, 
at any rate—the entrance to a half-tide basin 
is through a double gate lock. A basin thus 
protected is used for the purpose of collecting 
all the outward bound vessels before high 
water. Some time before the tide is full the 
water level in the basin is reduced to that of 
the river by opening the outer lock. The out- 
ward bound vessels are passed out, and the 
incoming vessels brought in to await the open- 
ing of the inner lock or gates at high water. 

The most modern practice is, however, to 
provide a wet dock with lock entrances giving 
direct access from a tidal basin or from an 
approach channel. Good ex- 
amples of this type of en- 
trance are to be found in our 
larger naval dockyards. In length and width 
the lock chamber should be: sufffcient for the 
largest vessel frequenting the port. At Ports- 
mouth and Devonport so ample are the dimen- 
sions of one or two of the lock chambers that 
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a Dreadnought may be comfortably dry-docked 
in them. In the case of a mercantile dock, 
however, breadth is of more importance than 
length, to give easy passage through the open 
lock at high water. 








¢) ee __fligh Ligh sles gher Spring Tide Tides Lee seen eens 
Bae Ret eS ee as ng boy ie les (he Ki 4 We 
rn 3 1 | mace ee 
: ce ce zl ) , ; 
on Granila Causcua ee N ' 
X 4 -Congrele, ~ ” aC p: a 
pore TES i pl H 


tg 
a 7 4 . een 
} i 


w= 


CROSS SECTION OF A DRY DOCK. 


The white circles at the ends of the invert are the culverts 
through which water enters or leaves the dock. 


A lock entrance enables vessels to enter or 
leave a dock so long hefore or after high 
water as there is adequate depth in the out- 
side channel or tidal basin. The 
depth of water on what is 
called the sill of a dock entrance—in other 
words, the step on the floor of the entrance 
against which the dock gates close—deter- 
mines the draught at which vessels may enter 
the dock. There may be greater depth of 
water in the dock itself, and also in the lock, 
but the draught that counts is that over the 
sill. Asarule, the depth is the same over the 
sills of both pairs of gates to a lock chamber. 
When a third pair of gates is interposed, as 
is sometimes done, to facilitate the locking of 
smaller vessels, all three sills have the same 
depth. But in some cases, where the tidal 
flow gives plenty of depth outside before abso- 
lute high water, the sill of the outer gates is 
almost as deep as the bed of the approach 
channel, Obviously by an arrangement of this 
character the fullest possible use is made of 
every period of high water. 

Structurally, a lock chamber consists of two 
quay walls and a paved bottom. The floor 
or bottom resembles an arch inverted—‘ in- 


Locks. 


ENGINEERING WONDERS 


OF THE WORLD. 


vert ” is, in fact, the technical description of 
it—-and is designed to resist the upward 
pressure of water under the 

chamber when the water in new 

ae Constructed. 

the lock is low. By sup- 

porting the quay walls at their toes, it also 
prevents their being pushed forward by the 
variations of water pressure to which they are 
exposed by continual locking and unlocking. 
The entrances or gateways are flanked by 
double side walls, and between each pair of 
side walls is a sluice for the filling and cmpty- 
ing of the lock. The ground on which the 
roller paths are laid is called the gate floor. 
Beyond this, towards the entrance channel, as 
far as the extremities of the outer side walls, 
the construction is continued in the form of 


an apron, while another apron finishes off what 


may be called the entrance works on the inner 
side of the sill. At high water, with both gates 
open, vessels are at liberty to come or go as 
they please. For some time before or after 
high water vessels may, in certain circum- 
stances, be locked inward or outward. Butasa 
rule dock gates are closed before the ebb begins, 
and are kept closed until the time of the next 
flood. The opening and shutting is generally 
effected by means of chains attached to the 
gates and wound by hydraulic power on to 
drums. A more modern method is repre- 
sented by a hinged hydraulic ram operated 
from a recess on either side. This acts on 
the inner side of the gate, pushing it forward 
or pulling it back, as the need may be. 
Although, in naval dockyards such as Ports- 
mouth and Devonport, lock entrances and 
locks between basins are occasionally used as 
dry docks, they differ somewhat 
in construction from dry docks. 
The sides of a dry dock are 
stepped to facilitate the docking of ships. 
The gates are opened at high water, and the 
vessel to be docked is floated in. Along the 
centre line of the dock floor blocks are securely 
laid, and on these the ship settles down as 


a Ship. 


DOCKS. 


the water is pumped out of the dock. As she 
rests on the blocks men prop her up with tim- 
ber shores, whose lower ends are supported by 
the steps or “ altars ”’ in the side-walls: When 
the repairs, etc., are completed, the water is 
let into the dock again, and the vessel is floated 
out at full tide. In some cases there is no 
need to wait for the flood in order to dock 
or undock a ship. If a dry dock is access- 
ible from a wet dock, the work can be done 
at any time. The emptying of a large dry 
dock looks a much more serious operation than 
it really is. The big graving dock at Govan 
holds 13,762,500 gallons, yet at the very first 
trial it was pumped dry in an hour and forty 
minutes. On the second trial the work was 
done in an hour and a half—about 700 tons 
being discharged per minute. The dock is 
divided into two sections. If there had been 


a ship displacing 10,000 tons in the larger of 


these sections, the time would have been re- 
duced to less than 35 minutes. The machinery: 
used consists of two 60-inch centrifugal pumps, 
each driven by a pair of vertical direct-acting 
steam engines with cylinders of 28 inches in 
diameter and a stroke of 24 inches. 

The floor of a graving dock slopes down on 
each side from the centre, to allow the water 
to find its way by gravitation to the main 
culverts underneath, whence it is pumped out. 

The capacity of a dry dock 
is determined both by the 
width of the entrance to it 
and the depth of water over 


i the sill against 

arge . 

Dry Docks. which the 
gates close. 


Although the largest of the 
dry docks at Tilbury is 875 
feet long, and has a depth 
over the sills of 31} feet at 
high water of neap tides, it is 
inaccessible to a Dreadnought 
or & Lusitania because of its 
entrance being not more 
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than 70 feet wide. Cases of the same kind 
are to be found in other ports, because in 
the past ten years ships have developed 
in beam to an unexpected extent. The 
majority of these long but inadequately wide 
docks have been subdivided by placing other 
gates at some convenient point between the 
entrance and the end of the dock. In one of the 
docks at Belfast there are two pairs of extra 
gates and three sub-divisions. Where this 
practice is followed, the docking of two or 
three vessels in the one dock independently 
of each other becomes possible, with obvious 
limitations. A vessel or vessels in the inner 
berth or berths could not be undocked with- 
out undocking the vessel or vessels in the outer 
berth or berths. 

The following table gives particulars of some 
of the most important dry docks :— 


Width at Depth over 


Dock. Length. Entrance, Sills. 
Canada Dock, Liverpool. ...... 9254 ft. 94 ft. 29 ft. 
Tranmere, on the Mersey......900 ft. 95 ft. 33 ft. 
Brocklebank, Liverpool......... 804 ft. 96 ft. 31 ft. 10 in. 
Trafalgar, Southamptona......860 ft. 90 ft. 33 ft. 
No. 10, Devonport (double). ...459 & 250 ft. 95 ft. 47} ft. 
Rig) aco aacisnns eae eos 570 ft. 94 ft, — 
Kaiser, Bremerhaven............ 7414 ft, 983 ft. 85} ft. 
Wilhelmshaven (No. 4)..........580 ft. 101 ft. _ 
PUAVTO sw ciccasiecn tients ssstreats (sd ft 984 ft. 204 ft. 
SSPOZLD a yii ce esesacaacesecunjodsiuvexs, 687 ft. 105} ft. 33 ft. 
Nagasaki. .........:66065 ccceceee eee 714 ft. 963 ft. 344 ft. 
Charlestown, Boston, U.S.A. 718% ft. 112 ft. 30 ft. 


These figures indicate the magnitude of the 
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(Photo, 8. Cribb.) 
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(Photo, A. F. Smulders, Schiedam, builders.) 


This machine removes 400 cubic yards of material per hour. 


BUCKET EXCAVATOR ENGAGED IN DIGGING THE LARGE NEW DOCKS AT ANTWERP. 





A STEAM NAVVY DEPOSITING EARTH INTO TRUCKS AT NEW DOCK, SOUTHAMPTON. 


modern dockmaker’s task. He has to pro- 
vide naval and mercantile ports for ships that 
apparently never cease to grow longer and 
broader and deeper. Several years ago Lord 
Pirrie talked about the 1,000 feet ship as if 
it were a thing of the immediate future. 
People were sceptical as to the accuracy of 
the forecast, yet inside seven years Harland 
and Wolff were building at Belfast two vessels 
of 860 feet. Ten years ago the Clyde Trustees 
were told by the Admiralty that warships of 
greater beam than 80 feet were improbable 
for a long time to come, yet well inside that 
time Whitehall itself was ordering battleships 
of 85 feet beam. In fact, we seem to be only 
beginning to build big ships for both war and 
commerce. 

Want of space prevents a detailed account 


(Photo, S. Cribb.) 


of the construction of the various types of 
docks. Moreover, there would necessarily be 
much repetition, as a great deal 
of the structural work is com- 
mon to them all. The simpler way will per- 
haps be to begin with the construction of a 
dock—the description will apply to either a 
wet dock or a tidal dock—then to take up. the 
making of quays of the more important kinds, 
and finally to deal with dry docks and locks, 
and their gates or caissons. 

Where a dock has to be cut out of solid 
riverside ground, as was the case at Prince’s 
tidal basin on the Clyde, the 
engineering, though arduous, 
is not troublesome, provided, 
of course, the ground on which the quays are 
to be founded proves as solid as the prelim- 


Construction. 


Excavating 
Operations. 
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WILSON’S STEAM NAVVY AT WORK ON THE NEW DOCK, 
SOUTHAMPTON. 


A truck-load of material is removed at each stroke of the scoop. 
(Photo, 8. Cribb.) 


inary survey indicated it to be. 
walls are built in trenches, the displaced sand 


being piled high in the 
spaces that will be water 
area when the undertaking 
is complete. Sometimes 
steam excavators are used ; 
but, as a rule, the digging is 
done by manual labour, the 
soil being loaded on wagons 
and dumped by the works 
railway wherever convenient. 
At the entrance to a basin 
of this kind—on the river- 


side, that is—a coffer-dam or - 


an enclosing bank has to be 
made to keep the water away 
from the workings while that 
part of the enterprise is in 
progress. But elsewhere, if 
the ground is good, the con- 
structive work is simple. On 
the completed quays ware- 
houses are built, and railway 
lines are laid, linking up the 
dock with the main systems. 
In the case of the Glasgow 
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dock just mentioned the entrance 
was thrown open to the river while 
the walls were being built, and bucket 
dredgers began to work their way 
into the piled-up sand heaps. The 
sand they dredged was discharged into 
hopper barges, which carried it down- 
stream to the estuary and deposited 
it in the deeper part of Loch Long. 
When the 82 acres had been dredged 
to the depth of the river outside, the 
basins were ready for occupation. 
Often, however, the site of a dock 
is partially covered by the tide, and 
occasionally a portion of the area has 
to be actually reclaimed from water. 
Here the engineering presents difficul- 
ties which are not always disclosed by 
But in normal circumstances the tide 


may be shut off from such a site by using the 





LUBECKER BUCKET LADDER EXCAVATOR AT WORK ON THE 
BOULOGNE (FRANCE) HARBOUR. 


(Photo, The Liibecker Machine and Manufacturing Company.) 


DOCKS. 


excavated “spoil” for embankments, pro- 
tected on the outside by rubble or some other 
suitable material dumped at their bases. The 
difficulty of reclaiming part of the ground 
from the sea has:to be overcome in many 
different ways, as each case calls for special 
treatment. 

The foundations of dock quay walls naturally 
depend on the nature of the subsoil. As a 
rule the ground on which a dock is to be built 

is sound enough to permit the 

Foundations erection of a quay on a broader 

ave Dock base of concrete. Occasion- 
Walls. 
ally, however, a difficult stra- 
tum is struck, and special measures have to 
be taken. In these circumstances two expedi- 
ents are open to the engineer. He may drive 
bearing piles, and, after connecting them suit- 
ably at the top by a layer of concrete, build 
the wall on that foundation; or he may sink 
concrete monoliths to the necessary depth. 
These are made up of conveniently-shaped 
blocks, with two or sometimes three apertures 
in them. On their lower edges they have 
what are called shoes. These shoes are gen- 
erally of timber, but lately—at Rosyth, for 
instance—they have been made of steel. Their 
use is to grip the ground as the block sinks, 
ordinary grabs driven by steam assisting tho 
downward progress by excavating the soil 
through the apertures. When tho monolith is 
securely founded, the holes are filled with con- 
crete, and the walls are laid on top. An alter- 
native to this method is to confine difficult 
soil between rows of sheet piling. The fine 
sand or silt is then partially excavated from 
between the piles, the space is filled with con- 
crete, and the wall built up. This system of 
sheet piling has been used largely in the con- 
struction of river quays on the Clyde, with 
very satisfactory results. 

Sometimes monoliths form part of the base 
of the wall as well as the foundation, as at 
Havre, and, to a smaller extent, at Bordeaux. 
In a few instances none of the expedients 
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named have been successful in securing the 
foundations of quay walls. Those of a part 
of Glasgow harbour at the 
Broomielaw once gave endless 
trouble, and subsided in spite of every kind of 
treatment the engineers could think of. Ulti- 
mately it was decided to sink caissons to the 
necessary depth and fill them with concrete. 
These caissons were large oblong steel struc- 
tures, with cutting shoes at each end, Men 


Monoliths. _ 
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SINKING A CONCRETE MONOLITH FOR DOCK WALL 
FOUNDATIONS. 


he ground is removed by grabs through shafts left in the 
monolith, which settles by its own weight. When sinking is 
completed the shafts are filled up with concrete. 


working under air pressure excavated the soil 
from below a caisson, enabling it to sink, and 
the soil was passed out through air locks. The 
workings were protected from the river by sheet 
piles. Six of these caissons filled with con- 
crete were sunk, and the spaces between them 
were also filled with concrete. The long 
stretch of quay has been immovable ever since. 

Another interesting quay foundation is to 
be seen on the Liffey at Dublin. Here men in 
a diving bell levelled a part of the bed of the 
river. On this large blocks of rubble con- 
crete, weighing about 360 tons in all; were 
carefully deposited in their designed places by 
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SECTION OF TYPIOAL DOCK WALL AND FILLING 
BEHIND. 


- & powerful floating derrick. On these blocks 
&® masonry quay wall was built. Of course 
many other methods of making foundations 
have been tried, with varying success. The 
problem is, and always must be, how to get 
the best foundation for particular cases at the 
lowest possible cost. The majority of quays 
in wet docks, tidal docks, and rivers are of 
masonry or concrete. Obviously the quays of 
wet docks need not be so stoutly built as quays 
exposed to the variations of pressure caused 
by the rise and fall of tides. Unless the back- 
ing of the latter kind be carefully calculated 
and filled in, the quay will incline to slip for- 
ward as the tide ebbs and withdraws the sup- 
porting pressure of the water. In a wet dock 
there is no variation of pressure to speak of ; 
but the engineering problem is just as delicate, 
though perhaps not so intricate. At their 
bases both kinds of wall are spread out to pre- 
vent their slipping. ‘The part of the base which 
spreads outward is called the “toe,” and largely 
augments the resistance of the wall to the 
pressure of the backing. In some river 
walls on the Clyde the blocks forming the 
faces are, with the same object, tied back 
to anchorages by means.of steel rods. Where 
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wall bases should spread out, sheet piles are 
driven into the ground below. 

Formerly, the resistance of back pressure 
was further promoted by inclining the wall 
slightly backward; but nowadays, with vessels 
of practically square sections amidships, the 
faces have to be vertical. Providing their 
design is sound, the walls themselves are not 
difficult to build, the practice varying accord- 
ing to the material used and corresponding 
generally with that which is followed in land 
operations, 

Locks and dry docks are much more diffi- 
cult to make than the other kinds of docks 
described. The foundations demand special 
care, as the floors and sides are 
practically one structure, and 
settlement of any part affects 
the whole. Particular care has to be taken 
that water does not get under the sills. Occa- 
sionally, with this object in view, the whole site 
is enclosed by sheet piling; generally sheet 
piles in some places and bearing piles gener- 
ously used in others suffice. Where it has been 
difficult to get solid foundations for the sill, 
coffer-dams have been employed to exclude 
water until good ground is reached ; then the 
excavated soil is replaced by concrete right up 
to the level of the lock floor. Sometimes, how- 
ever, it is impossible to obtain a foundation 
in the ordinary way. At Havre large steel 
caissons were sunk by means of compressed 
air, and filled with concrete; on these the 
side walls, sills, gate floors, and aprons were 
founded. What has been said regarding the 
sill foundation holds true with regard to the 
side walls containing the sluice ways. The 
foundation of these must be unimpeachable. 
The lock-chamber walls are subject to much 
the same variations of pressure as are the walls 
of tidal docks, and have therefore to be built 
with equal care. They have this advantage, 
however, over ordinary dock walls, that the 
invert of the lock floor is a much more effect- 
ive support. The thickness of the invert 
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NEW DOCK AT MANCHESTER. 
TEMPORARY WALL: 


varies with circumstances. The sill is gener- 
ally about two feet above the level of the gate 
floor, and the stones composing it are, as a 
rule, of granite. The gate floor is, of course, 
flat, as are the aprons at cach end of the lock 
entrance. Otherwise, the construction is very 
much like ordinary dock work. Wo may note 
that the floor of a dry dock is the reverse of 
an invert, in that it slopes down towards each 
side from the centre line of the dock. Again, 
whereas the sides of a lock-chamber are ver- 
tical, the sides of a dry dock are stepped. But 
the foundation and’ construction of both call 
for equal care. Structurally, the gateway is 
very like that of a lock entrance, although 
there are some small features 
peculiar to each. 

Dry docks are built of 
masonry, bricks, or timber— 
in this country usually of the 
first-mentioned of these mate- 
rials. 

Timber docks are to be 
found in most parts of the 
world, especially in the United 
States. They are much les: 
liable than docks of stone to 
damage through frost, and are 
usually built in clay. The 
floors are, as a rule, of con- 
crete. In the Boston navy 


FILLING DOCK WITH WATER OVER 
(Photo, R. Banks.) 
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yard there are three such 
docks, the largest 465 feet 
long over the blocks, 68 feet 
wide at the entrance, and 19 
feet deep over the sill. At 
San Francisco there is one of 
reinforced concrete, 1,050 feet 
long over all. In the case of 
one other American dock the 
ground was frozen artificially 
to make excavation possible. 
This is an expensive process, 
however, and an unpopular 
one with engineers. In a few 
instances dry docks have been hewn out of 
solid rock. A small sample of this method of 
construction is in Barbados; larger examples 
are at Rio de Janeiro and at Nagasaki. The 
process looks expensive, even where labour is 
cheap, but the stone quarried incidentally has 
a considerable off-setting value. 

It remains to say something about dock gates. 
As regards material, development here has kept 
in line with shipbuilding. Docks of early 
origin have gates of timber— 
grecnheart for choice, although 
greenheart is heavier than water. To them 
succeeded iron gates composed of outer and 
inner skins of plates, braced horizontally and 





Dock Gates. 
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BLASTING AWAY TEMPORARY WALL AT ENTRANCE TO THE 


NEW DOCK. 
(Photo, R. Banks, Manchester.) 
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TYPICAL DOCK ENTRANCE WITH GATES. 


vertically. In shape, gates vary considerably 
irrespectively of the material of which they are 
made, although they may be grouped into 
three main classes—namely, straight gates, 
curved gates, and segmental gates. The last- 
named type is held by eminent engineers to be 
theoretically the best; but the second type— 
closing against a straight sill by means of a 
projecting sill-piece at the bottom—finds more 
general favour. 
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SECTION OF ROLLING CAISSON FOR CLOSING A 
DOCK ENTRANCE. 
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Dock-closing caissons are of two main types 
—rolling caissons, which replace gates for locks 
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CROSS SECTION OF 


and entrances at Portsmouth and Chatham ; 
and floating caissons, or ship 
caissons, used both in this 
country and abroad for closing 
the entrances to graving docks. The rolling 
caisson is box-shaped, with vertical sides of iron 
or steel plates. It has air chambers, and is 
prevented from floating, when fully immersed, 
by ballast. When the dock is open it is 
withdrawn into a chamber constructed for it 
in the side of 
the dock en- 
trance; to 
close the en- 
trance it is 
drawn out on 
rollers across 
the gateway. 
This type is 
held to be 
superior to 
gates in sev- 
eral respects, 
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HALF ELEVATION OF “SHIP” 
CAISSON. 
The dotted line round the edge 
indicates the projection which engages 
with a groove in the quay. 


particularly for closing wide entrances, and 
therefore has increased in favour. 

The floating caisson closely resembles a ship 
in cross section. It floats into and out of posi- 
tion, and its immersion is decreased or in- 
creased by means of water ballast. In the side 
walls and bottom of a dry dock designed to be 
closed by a floating caisson there are grooves. 
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The caisson is floated across the entrance, 
and when in position is filled with water 
until it sinks tightly into place, projec- 
tions from its sides engaging with the grooves 
mentioned. It is slower to handle than 
gates, and is somewhat in the way when a 
dock is open; but for big docks it serves 
admirably. 


WARSHIP ENTERING A DOCK. 
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GENERAL VIEW OF THE WETTERHORN AERIAL RAILWAY, SHOWING CARS IN TRANSIT, 
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LOWER TERMINUS OF THE WETTERHORN AERIAL RAILWAY. 


THE WETTERHORN ELECTRIC 
AERIAL RAILWAY. 


DECIDEDLY interesting feat of rail- 
way engineering was recently carried 
out on the precipitous slopes of the 

Wetterhorn, in Switzerland. Here has been 
built a unique aerial railway for the trans- 
portation of tourists up the giddy sides of 
the mountain. The topographical features 
were such that the construction of a surface 
railway was out of the question except at 
enormous cost, while the route would have 
been tortuous and lengthy, winding up the 
mountain face and entailing the heavy cutting 
of galleries and tunnels for the track. 

The Wetterhorn Electric Aerial Railway, as 


it is called, may be said to combine the broad 
principles of the ordinary aerial cable system 
and those of the suspended railway invented 
by the late Herr Eugen Langen, now in 
successful operation between Barmen and 
Elberfeld, in Germany. In the last-named 
railway the car is suspended from and runs 
on a rigid rail. In the Wetterhorn system 
the rigid track is represented by two stout 
cables placed one above the other. Upon 
these is mounted the trolley, comprising two 
pairs of wheels disposed exactly one above 
the other in a vertical plane, and a body 
occupying the space between the two cables, 
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CAR NEARING THE LOWER STATION. 


Observe the double cable track and the method of 
suspending the car. 


thus forming a compact, almost rectangular, 
truck of narrow width. 

The car itself is supported from the trolley, 
and is hung from a transverse axle in such a 
way that it maintains an absolutely perpen- 
dicular position whatever the 
gradient may be. At the prow 
of the trolley is an attach- 
ment, to which the two ropes which haul the 
carriage up the cableway are fixed. The 
track wheels are equipped with guide channels 
for directing the track ropes through the 
grooves of the upper and lower running wheels 
respectively, so that the two are kept the 
requisite distance apart and the wheels obtain 
the maximum amount of adhesion, and are 
secured from derailment. 

A journey up the railway is a thrilling ex- 
perience. The traveller is hoisted through 


The Car 
Attachments. 
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the air, to a height of some 5,280 feet above 
sea-level, to Enge Station, a halting-place 
perched on the face of the mountain. The 
lower, or departure, station is at the foot of 
the mountain, some 4,000 feet above sea-level, 
at the snout of the Grindelwald Upper Glacier 
and about an hour’s walk from the terminus 
of the surface railway at Grindelwald, and in 
close proximity to the Wetterhorn Hotel, 
which is the centre for mountaineering and 
other expeditions throughout the district. 

The higher station at Enge is situated on 
the goat path climbing round the face of the 
mountain, and is carried on a convenient ledge 
some 1,250 feet above the de- 
parture station below. A sub- ane ower 
stantial pier-like structure of outs 
masonry has been built here, projecting from 
the mountain side, to serve as a convenient 
stage at which the travelling carriage may 
land and embark passengers. Above the 
station is placed the power installation. The 
erection of this power-house on the steep 
mountain side was no light task. At its 
outward end the power-house rests upon a 
substantial heavy steelwork foundation, the 
side trusses being built diagonally and cross- 
ing and locking with the central vertical 
section at angles of about 45°, to give the 
foundation ironwork the form of the letter V. 
This plan was adopted on account of the 
great strength conferred, and because it 
offered the most convenient arrangement for 
the disposition of the hauling cables and 
drums. There are two main horizontal wind- 
ing drums, driven by electric motors. The 
ropes from the drum pulleys pass through 
the station and over vertical grooved pulleys 
to the prow attachment of the car truck. 
The track cables are anchored at either 
end to a depth of thirty feet into the solid 
rock, and are covered with cement piles and 
masonry. 

For the purpose of carrying out the work 
of construction—undertaken by the Fonderie 


THE WETTERHORN 


de Berne, to whom we are indebted for the 
accompanying striking photographs and also 
for particulars of the enterprise 


praial . —a temporary aerial cabloway 
Supply. was erected between the de- 


parture and Enge stations for 
the transport of the building material needed 
at the latter point; while the heavy track 


ELECTRIC AERIAL RAILWAY. 191 


tion, and are fitted with every possible 
mechanism to ensure safety in transit. The 
brakes, of a special type, are particularly 
powerful, and capable of holding the car on 
the steepest sections of the line. The pro- 
vision and testing of the brakes constituted 
one of the most important features of the 
installation, since it was realized that the 





INTERIOR OF POWER-HOUSE, SHOWING LARGE DRUMS ON WHICH THE CABLES ARE WOUND. 


cables were hauled up from the lower ter- 
minus by means of a powerful windlass in- 
stalled at Enge. The distance between the 
two stations, some 1,300 feet, is negotiated 
by a single span, the alignment of the cable 
representing a gradient of about 80°. The 
motive power requisite for operating the rail- 
way is drawn from the Grindelwald power- 
station, itself supplied from a hydro-electric 
station on the Black Lutschine River. The 
power is transmitted to the Enge station by 
three overhead conductors carried on wooden 
piers. 

The cars themselves give accommodation 
for ten persons, They are of light construc- 


brakes would have to be of exceptional 
strength. During the ascent the passenger 
obtains a magnificent view over the glacier 
beneath; and the situation of the upper 
terminus at Enge makes it easy to reach 
points from which striking panoramas over 
the surrounding mountain peaks may be 
gained. Looking down from the upper sta- 
tion on to the terminus below, one obtains 
some idea of the engineering wonders of this 
unique line. It appears to drop precipitously 
down the mountain side. 

Although at the time of writing the railway 
has been in operation for but a few months, its 
commercial success would seem to be assured, 
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as it is well patronized by tourists. Further- 
more, the system adopted is one that can be 
maintained at small expense. -‘As tho railway 
is operated upon the “‘ compensating ”’ system 
—that is, one car descends while the other 
ascends—the consumption of electrical energy 
is very small, and this makes for economy. 
Wear and tear is also thereby reduced to a 
minimum. 

Indeed, the Wetterhorn Electric Aerial 
Railway has shown to the world that this 
particular system simplifies transport up steep 
mountain sides, and reduces cost. It is there- 
fore gratifying to note that, though this is the 
first application, the Fonderie de Berne are 
already completing 
arrangements for its 
adoption in other 
parts of the Swiss 
Alps, where the pre- 
vailing conditions 
render a rack or 
other system of sur- 
face railway imprac- 
ticable at a reason- 
able outlay. Even 
in the case of the 
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Wetterhorn this first stretch is but part of a 
more complete scheme for reaching the peak 
of the mountain, which will 
mean the attainment of an 
altitude of some 12,510 feet 
above sea-level. The preliminary surveys have 
proved that the project offers no insuper- 
able difficulties. As experience of working 


Future 
Developments. 


is gained, the projectors will become possessed 
of more reliable data upon which to pro- 
ceed. The present line, however, has em- 
phasized in no uncertain manner the celerity 
with which the system can be installed, as 
the construction of this line occupied only 
about two years. 


To the traveller the sys- 
tem possesses many 
attractive features. 
Transportation is 
rapid and comfort- 
able, since the cars 
travel with remark- 
able steadiness and 
smoothness ; and, 
owing to the cheap- 
ness of installation, 
fares can be propor- 
tionately reduced. 


UPPER TERMINUS AT ENGE, SHOWING THE CARRIAGE 
AT LANDING-STAGE AND METHOD OF ATTACHING 
HAULING CABLES TO CAR TROLLEY. 


THE NIGHT MAILS. 








STEAM LOCOMOTIVES OF TO-DAY. 


BY J. F. 


present-day locomotive steam-engine 

comprises the same elements as it did 
fifty or sixty years ago. It operates in ex- 
actly the same way, and although some loco- 
motives include special features and _ refine- 
ments, the majority differ from those of days 
gone by only in being Jarger and more power- 
ful. Yet detail development has been not- 
able. It includes various improvements where- 
by economy in fucl and water consumption, 
reliability and immunity from breakdown and 
accident, and general efficiency are obtained. 
Nevertheless it can be claimed that an excel- 
lent reason for placing the locomotive engine 
among the principal engineering wonders of the 
world is that, without fundamental alteration, 
it is still the most important transportation 
machine existent. It remains the fastest 
means of travelling afforded to the ordinary 
person; its efficiency is one of the great 
foundations of modern industry; and yet its 
work is now taken so much for graniod that 
we hardly give a thought to the matter, or 
at any rate take but small interest in the 
locomotive as a machine. 


| practically every important respect the 


(1,408) 13 


GAIRNS. 


A modern locomotive costs anything from 
£1,500 to £4,000; about £2,000 may be 
considered an average price. Repairs and 
other items of upkeep will amount to several 
hundred pounds in the course of five years. 
In ten or fifteen years a new boiler may 
become necessary, and the locomotive may 
require to be practically rebuilt ; and at the 
end of twenty-five years to be relegated to 
the scrap-heap. 

The huge number of locomotives in exist- 
ence—probably several hundreds of thousands 
—necessarily exemplify a great varicty of 
types. With the most important and inter- 
esting of these types we shall deal in the 
following pages, appending to cach locomotive 
illustrated such details as appear to be most. 
worthy of notice. A study of the information 
thus given will afford the reader some insight 
into the reasons for altering the design of 
locomotives to suit various purposes, and, we 
hope, will quicken his interest in a class of 


‘mechanism which, despite the development of 


electrical power, will, there is no reason to 
doubt, continue to serve us well for many 
years to come. 

VOL. I, 
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Fig. 1.—sSTANDARD EXPRESS ENGINE, GREAT EASTERN RAILWAY. 


Cylinders, 19 inches by 26 inches, Coupled wheels, '7 feet diumeter. Heating surface, 1,706} square feot. Weight of engine, 
51% tons. Designed by Mr. J. Holden. In this design the cylinders are between the frames—a usual British practice 
with engines of this class--and hardly any mechanism is visible. The boiler is of large size, and fitted with a largo fire-box of 
the Belpaire type, having the crowns of the outer and inner fire-boxes flat, to enable ordinary rod stays to be used in place 
of the complicated staying devices usually needed for round-topped outer fire-boxes. Some of these engines are adapted for 
burning oil fuel, and carry special apparatus, operated by exhaust steam, for ejecting ashes thrown down in the smoke-box by 
the spark arrester inside. Tho two pipes seen at the base of the smoke-box aro part: of this apparatus. 
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Fig. 2.—GREAT WESTERN EXPRESS ENGINE, “ CITY OF BATH.” 


Cylinders, 18 inches by 26 inches. Coupled wheels, 6 fect 8} inches. Heating surface, 1818 square feet. Working presaure, 200 
Ibs. per square inch. A famous locomotive—the first to run from London to Plymouth without a stop. Another engine of 
the same class, the “City of Truro,” is credited with an authentic speed of 1022 miles per honr, the highest evor recorded in 
the British Isles. Observe that the driving whecls are set inside the frames, and that the boiler has no steam dome. ‘The 
barrel of the boiler tapers from the first ring to the junction with the fire-box, whore its diamoter is largest. ‘This form of boiler 
construction is now the standard on the Great Western Railway, its advantage being that increased steam space is provided 
at the point where steam generation is most rapid. 
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Fig. 3.—"‘ ATLANTIC” TYPE EXPRESS ENGINE, GREAT NORTHERN RAILWAY. 


Cylinders, 18} inches by 24 inches. Driving wheels, 6 feet 74 inches. Heating surface, 2,500 square feet. Working pres- 
sure, 175 lbs, These engines have large boilers with ‘ Wootten” or wide firo-boxes, carried on the frames to give room for a 
pair of trailing wheels below, and work heavy 350-ton trains on the Scottish and Leeds services at average speeds exceeding 
50 miles an bour, The term “ Atlantic ” signities a ten-wheeled type comprising a leading bogie, four-coupled driving wheels, 
and a pair of carrying wheels at the trailing end. It is due to the fact that the type was first used in America on the Atlantic 
Coast Railway. Mr. H. A. Ivatt, locomotive engineer of the Great Northern Railway, introduced the type into this country. 
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Fig. 4.—FRENOCH BUILT COMPOUND EXPRESS ENGINE, GREAT WESTERN RAILWAY. 


Cylinders : high pressurc, 133 inches by 25, inches ; low pressure, 22, inches by 255, inches. Coupled wheels, 6 feet 8} inches. 
Heating surjace, 2,325 square feet. Working pressure, 227 Ibs. This engine is particularly interesting as being the first of the 
three French-designed and built engines running on the Great Western Railway. Except for a few details, “ La France” 
reproduces the Du-Bousquet-De-Glehn express locomotives of the Northorn Railway of France. She has been used on the 
non-stop trains between London and Plymouth. Observe the rod-work of the outside Walschaert valve gear. ‘‘ La France” 
and her two sisters were imported for the purpose of making comparativo trials against standard English engines. In modern 
times there has been no other instance of French design being employed in locomotives for British lines. 
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Fig. 5.—-EXPRESS ENGINE, CALEDONIAN RAILWAY. 


Cylinders, 204 inches by 26 inches. Stx-coupled wheels, 6 feet 6 inches diameter. Heating surface, 2,400 square feet. 
Working pressure, 200 Ibs. Weight (without tender), 73 tons. Inside cylinders ; wheels outside frames. This type of engine 
works 300-400 ton trains between Carlisle and Glasgow at average speeds of over 50 miles an hour. 
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Fig. 6.—MIXED TRAFFIC SIX-COUPLED BOGIE LOCOMOTIVE, LONDON AND NORTH-WESTERN RAILWAY. 


Cylinders, 19 inches by 26 inches. Driving whecls, 5 feet 3 inches, Heating surface, 1,984-8 equare fect. Working pressure, 
185 Ibs. Weight, 63 tons. About 150 of these engines have been constructed, and are used for many classes of work. 





Fig. 7.—SIX-COUPLED EXPRESS LOCOMOTIVE, GREAT CENTRAL RAILWAY. 


Outside cylinders, 194 inches by 26 inches. Driving wheels, 6 fect 6 inches. Heating surfacc, 1,911 square feet. Working 
pressure, 180 lbs. Weight, 662 tons. Belpaire fire-box. 
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SIX-COUPLED LOCOMOTIVES. 


For a long time it was thought that engines 
with six-coupled wheels would bo rather slug- 
gish for really fast work, or would need heavy 
repairs if they accomplished it. But this pre- 
judice against “‘ tied legs,”’ to use an expressive 
term that was frequently applied, has proved 
to be unjustified, and it is quite common for 
six-coupled engines to perform notable high- 
speed runs. The main idea of the type is to 
enable the full available power to be utilized. 
Where a boiler is provided of dimensions large 
enough to justify the employment of ten wheels, 
the six-coupled bogie type makes two-thirds of 
the engine weight available for adhesion, where- 
as the ‘‘ Atlantic ’’ type limits the proportion 
to less than half. In the earlier examples the 
wheel dimensions were moderate, but those 
of most recent date have drivers from 6 fect 
to 6 feet 9 inches in diameter. For all-round 


work the six-coupled express locomotive has 
proved very satisfactory. 
The Great Western six-coupled engines are 
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among the most interesting, because of the 
remarkable work they do, including the non- 
stop journcy between London and Plymouth 
(2253 miles), which is effected in 247 minutes, 
despite the stiff gradients on the Newton Abbot- 
Plymouth stretch. 

The “ Great Bear ” (sce illustration on next 
page) 1s the last word in six-coupled expresses 
in this country, and the only representative of 
the “ Pacific’? type—bogie, six drivers, and 
two small trailing wheels. It is by far the 
weightiest British express locomotive. The 
boiler is a large example of the tapered design, 
with huge Belpaire fire-box and Swindon steam 
superheater. The engino gives a tractive effort 
of 29,430 lbs., and has hauled goods trains of 
upwards of 1,000 tons weight at high speed, 
besides working very heavy express passenger 
trains. An interesting feature of the engine is 
the employment of four high-pressure cylinders, 
with piston valves. The tender has two four- 
wheeled bogies—-a departuro from standard 
practice—and is fitted with an improved type 
of water pick-up. 





Fig. 8,—FOUR-CYLINDER SIX-COUPLED EXPRESS LOCOMOTIVE, LONDON AND SOUTH-WESTERN RAILWAY. 


Cylinders (4), 163 inches by 26 inches. 


Driving wheels, 6 feet diameter. 


Heating surface, 2,727 square feet. Working 


pressure, 175 lbs. Weight, 77 tons. All four cylinders use boiler steam, the two inside actuating the leading driving wheels. 


The fire-box is fitted with Mr. Drummond’s water-tubes. 


engine. 


Walschaert valve gear (see page 256). 


Very powerful and fact 
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Fig. 11.—EIGHT-cOUPLED MINERAL ENGINE, GREAT NORTHERN RAILWAY. 


Cylinders, 20 inches by 26 inches. Driving wheels, 4 feet 8 inches. Heating surface, 1,438 square feet. Working pressure, 
175 lbs. In tests this type has hauled 100 loaded coal trucks. , 


—— 





Fig. 12.—-POWERFUL TANK ENGINE FOR BANKING AND HEAVY COAL-SHUNTING, LANCASHIRE AND 
YORKSHIRE RAILWAY. 


Cylinders, 214 inches by 26 inches, are the largest used in this country. Driving whecls, 4 fect 6 inches. Heating sur- 
se, 2,198 syuare feet. Weight in working order, 84 tons. 
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Fig. 13.—NnarRow (3 FEET) GAUGE LOCOMOTIVE FOR THE BALLYCASTLE RAILWAY, IRELAND. 


The only example of a narrow-gauge engine with “ Atlantic ” arrangement of wheels. It also comprises the unusual feature 
of the rear pair of coupled wheels being drivon by the cylinders. Walschaert valve gear. 
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COLONIAL LOCOMOTIVES. 


In Canada, the railways and locomotives are 
essentially American, so that Canadian loco- 
motives are relegated to the American section. 
On the other hand, so many of the South 
American railways are operated by British- 
built engines that they may be considered 
here. In India, parts of Australia, and in 
South America, many tracks have a gauge of 


WONDERS 


OF THE WORLD. 


5 feet 6 inches, instead of the normal standard 
of 4 feet 8} inches, and the duties are suffi- 
ciently severe to call for very powerful loco- 
motives, which are easily provided, thanks to 
the large dimensions available. We should 


note, however, that even on the narrow gauges 
of Africa and of the countries named above 
very large engines are used. 

Most Colonial locomotives are designed and 
built in Great Britain. | 
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Fig. 14.—rouR-COUPLED BOGIE EXPRESS LOCOMOTIVE, MADRAS RAILWAY. 


Cylinders, 184 inches by 26 inches. 
180) ibs. 
for the Madras Railway. 


Driving wheels, 6 fect 2 inches. 
An interesting example of an ordinary four-coupled bogie engine, built by the Vulean Foundry Company, Limited, 
The design is ossentially British, the only peculiarity being the use of the sun blinds on engine and 


Heating surface, 1,357 square feet. Working pressure, 


tender, the latter of which is also provided with a cab to shelter the enginemen from the sun in the hot districts. 
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Fig. 15.—sIx-COUPLED EXPRESS LOCOMOTIVE USED ON INDIAN RAILWAYS. 


Cylinders, 19 inches by 26 inches. Driving wheels, 6 feet 2 inches. Heating surface, 2,020 square feet. 


Working pressure, 


180 lbs. Designed by Messrs. Rendel and Robertson, and built by the North British Locomotive Company, Glasgow. It 


will be noticed that the Walachaert valve gear is employed. 
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Fig. 16.—“ ATLANTIC” TYPE LOCOMOTIVE, GREAT INDIAN PENINSULA RAILWAY. 

Cylinders, 19} inches by 26 inches. Driving wheels, 6 fect 6 inches. Ileating surface, 2,037 square fect. Working pressure, 
180 Ibs. Weight of engine, 66} tons. Built by the North British Locomotive Company for working heavy fast express trains. 
In this case no sun blinds are fitted. Observe the two four-wheoled bogies on the tender. 
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Fig. 17.—POWERFUL “ CONSOLIDATION ” GOODS ENGINE, BENGAL-NAGPUR RAILWAY OF INDIA. 


Cylinders, 21 inches hy 26 inches. Driving wheels, 4 fect 8 inches. Heating surface, 2,235 square fect. Working pressure, 
180 Ibs. Weight of engine, 75 tons. Built: by Messrs. Robert Stephenson and Company, Limited, for hauling heavy goods 
trains long distances over severe grades. 





Fig. 18.—LARGE EIGHT-COUPLED TANK ENGINE FOR THE TRANSANDINE RAILWAY (METRE GAUGE). 


Cylinders, 18 inches by 20 inches. Driving wheels, 3 foet 6 inches. Heating surface, 1,630 square feet. Working pressure, 
200 Ibs. Wetght, 724 tons. These very powerful locomotives for exceptionally hard work are built by the Vulcan Foundry 
Company, Limited. ' 
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CONTINENTAL LOCOMOTIVES. 





Pitt tainceltrrmnctaiae amen aro wn cee 
Fig. 19.—TANK ENGINE, NORTHERN RAILWAY OF 
FRANCE. 

F , 13] inches and 214 inches by 24 inches. Weight, 
62 tons. One piston rod common to high and low pressure 
cylinders arranged tandem—a system that appears to be 
dying out. 








From a very early date Continental loco- 
motive practice has been markedly different 
from that of this country, although developed 
from the same initial stages. This is shown 
by the general preference for the Walschaert 
valve gear; by comparative complication— 
often more apparent than real; and by the 
popularity of special designs and types for 
special requirements, to which we have no 
equivalents. Although many Continental en- 
gines, especially the older ones, are fearfully 
and wonderfully made, we cannot deny that 
they comprise many good features and do 
remarkable work. In some respects Conti- 
nental locomotive engineers have developed 
types to a degree that neither we nor the 
Americans can boast, though the latter are 
doing their best to establish a lead, while we 
are not so very far behind. 

In France nearly all modern locomotives 
are compounds on the De Glehn system. In 
these engines the steam is used first in two 
high-pressure cylinders actuating one ‘pair of 
coupled wheels, and then in two low-pressure 
cylinders driving another pair of wheels. In 
Germany the “compound” has been pop- 
ular, but the tendency now appears to be to 
use superheating either instead of, or in com- 
bination with, compounding. In Austria, Italy, 
and Switzerland almost all new engines are 
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compounds; in other Continental countries 
practice is divided. Superheating is being 
experimented with extensively. 

As regards types, and excluding for the 
present those designs which are known as 
articulated,” ordinary four-coupled bogie 
engines are rapidly going out of fashion, 
except on the Prussian Staie railways, where 
some large examples are used. Tho “ Atlantic ”’ 
type is, however, popular on French, German, 
and Austrian railways, though not as a rule 
larger individually than our own engines of 
the same type. But by far the largest pro- 
portion of modern passenger locomotives on 
Continental railways are of the six-coupled 
type with leading bogie. 

It may be remarked that the very fast 
speeds made in France a few years ago have 
been considerably reduced. Sixty-two miles 
an hour bookings have gone on French rail- 
ways—mainly owing to a disastrous accident 
to the Sud express--and now the United 
States stands first, with Great Britain second, 
in the matter of fastest bookings. Yet even 
now many French expresses average 55 to 60 
miles per hour for runs of over 100 miles ; so 
it will be understood that the standard of 
French locomotive practice is very high, espe- 
cially as on many sections 77 miles (or less) 
an hour is the maximum permitted by law. 

During the past two years large “ Pacific ”’ 
type locomotives, adapled for hauling very 
heavy trains over stiff grades at moderate 
speeds, have been introduced into France and 
Germany. There are probably about 200 of 
these huge engines, weighing 90 tons or more 
without the tender, in use on French systems 
and on the Baden and Bavarian State railways. 

For goods traffic the cight or more wheels 
coupled engine, with or without a pair of 
leading wheels, is growing in favour. In order 
to get over the difficulties arising from long 
wheel bases and sharp curves, several special 
designs, to which attention will be drawn in 
due course, have been elaborated. 
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Fig. 20.—cOMPOUND EXPRESS LOCOMOTIVE, PARIS-ORLEANS RAILWAY. 


Cylinders, 144, inches and 23§ inches by 25,°, inches. Driving wheels, 6 feet 8} inches. Heating surface, 2,616 square feet. 
Working pressure, 227 lbs. Weight of engine, 72 tons. This is one of the largest ‘‘ Atlantics ” used in France. Works trains 
at, average speeds of 55 to 60 miles an hour. 
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Fig. 21.—¥FOUR-CYLINDER COMPOUND “ ATLANTIC”? TYPE EXPRESS LOCOMOTIVE, HUNGARIAN STATE 


RAILWAYS. 


Cylinders, 14 inches and 24} inches by 26 inches. Driving wheels, 6 feet 10$ inches. Heating surface, 2,823 square feet. 
Working pressure, 227 lbs. Weight of engine, 734 tons. The peculiar arrangement of two steam domeg on the boiler with con- 
necting pipe passing through the sand-box between them is used somewhat extensively in Hungary. 





Fig: 22.—six-COUPLED BOGIE COMPOUND EXPRESS ENGINE, ITALIAN STATE RAILWAYS. 


Cylinders, 144 inches and 23} inches by 25$ inches. Driving wheels, 6 feet 34 inches. Ifeating surface, 1,653 square feet. 
Working pressure, 213 lbs. Weight of engine, 69 tons. Adapted for running with driver’s cab in front. Coal is carried in 
bunkers on the engine, and @ cylindrical tank tender is attached behind the chimney. Thero is a good deal to be said in 
favour of this practice. 
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Fig. 23.—FOUR-CYLINDER COMPOUND “ PRAIRIE” TYPE EXPRESS LOCOMOTIVE, ITALIAN STATE 
RAILWAYS. 


» Cylinders, 14 inches and 234 inches by 25 inches. Driving wheels, 6 fect. eating surface, 2,615 square feet. Working 
pressure, 213 lbs. Weight of engine, 70 tons. All four cylinders drive the same axle. The torm “ Prairie” signifies that 


there are leading and trailing pairs of wheels besides six-coupled wheels. 
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Fig. 24.—" PACIFIC” TYPE FOUR-CYLINDER COMPOUND LOCOMOTIVE, BADEN STATE RAILWAYS. 


Cylinders, 17 inches by 243 inches, and 26 inches by 263 inches. Driving wheels, 6 feet. Ieating surface, 2,793 square feet. 
Working pressure, 227 Ibs, Weight of engine, 85 tons. Built by the firm of J. A. Maffei of Munich. These huge engines are 
peculiar in that the stroke of the high and low pressure cylinders is not the same for both. The wedge-shaped cab and the 
wind-cutting shields also are interesting, though probably of small value, as a train suffers much more from a side than from 


a head wind. The “ wind-cutter” engines so long characteristic of tho Paris, Lyons, and Mediterrancan Railway of France 
are now being discontinued. 





are ue 


Note.—“ Weight of engine” excludes in every case the weight of the tender, where such is used. 


[Thanks jor assistance in illustrating “ Steam Locomotives of To-day” are due to—The Great Western 
Railway Co.; the London and South-Western Railway Co.; the Caledoninn Railway Co. ; the 
Great Northern Radway Co.,; the Great Eastern Railway Co.; the Great Central Railway Co. ; 
the Ballycastle Railway Co. ; the London and North-Western Railway Co. ; the North-Hastern 
Railway Co. ; the American Locomotive Co. ; the Baldwin Locomotive Works ; the North British 


Locomotive Co.] 
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Fig. 2).—EIGHT-COUPLED TWO-CYLINDER COMPOUND LOCOMOTIVE, SAXON STATE RAILWAYS. 

Cylinders, 207 i1.ches and 30}. inches by 24}2 inches. Driving wheels, 4 fect lL inch. Heating surface, 2,149 square feet. 
Working pressure, 200 lbs. Weight, 70 tons. Observo the spacing of the wheels, and that the trailing coupled wheels are inside 
the frames. The engine is fitted with the Klein-Lindner flexible wheelbaso mechanism for the rear coupled axle, to enable 
it to take an angular position round curves, without being affected by the unvarying length of the coupling rods. 





Fig. 26.—TEN-COUPLED LOCOMOTIVE, AUSTRIAN STATE RAILWAYS. 
Cylinders, 144 inches and 24% inches by 28} inches. Driving wheels, 4 foct 9 inches. Heating surface, 2,777 square feet. 
Weight, 77 tons. Golsdorf four-cylinder compound. These enormous engines work passenger trains through the mountains 
and move huge goods trains on the more level sections. 
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Fig. 27.—TEN-COUPLED LOCOMOTIVE, SERVIAN STATE RAILWAYS. 


Goledorf two-cylinder compound. To give flexibility on curves, the first, third, and fifth axles have a limited side play. 
Built by the firm of A. Borsig of Berlin. 


206 ENGINEERING WONDERS OF THE WORLD. 


is Aetraete Saeeghaestede, apt gto oy 





Fig. 28.—LARGE TANK ENGINE, ALSACE-LORRAINE RAILWAYS. 


Cylinders, 14 inchos and 22 inches by 25} inches. Driving whecls, 5 feet 34 inches. Heating surface, 1,582 square feet. 
Weight, 883 tons. Four-cylinder De Glichn compound system. These engines can deal with very heavy suburban trains. 
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Fig. 29.—THREE-CYLINDER TANK ENGINE, BERLIN METROPOLITAN RAILWAY. 


Cylinders (3), 19% inches by 243 inches, Driving whecls, 4 feet 11 inches. Ileating surface, 1,667 square feet. Weight, 
781 tons. The inside cylinder operates the leading drivers, Almost the only Continental example of usc of threo cylinders. 








Fig. 30.—PASSENGER TANK ENGINE, BAVARIAN STATE RAILWAYS. 


Cylinders, 174 inches by 22 incbes. Weight, 683 tons. A peculiarity is the arrangement of the leading wheels and the front 
pair of drivers on a Krauss truck, which allows a certain amount of swivelling movement, notwithstanding the use of coupling 
rods, 
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SUNDAY MORNING AT AN AMERICAN RAILWAY WORKS. 


AMERICAN LOCOMOTIVES. 


It is rather difficult to understand fully why 
American locomotive practice should be so 
different from that of any other country, 
apart from the question of size, which is 
mainly a matter of dimensional limitations. 
We can appreciate that where a locomotive 
can be mado a foot or two wider and about 
three feet higher than is possible here with- 
out exceeding the loading gauge —on the 
Jontinent the permissible dimensions are but 
little larger than those of this country—and 
where engines have to deal with trains some- 
times twice as heavy as we have to handle, 
there is good reason for the construction of 
monster locomotives beside which our own 
and Continental engines appear somewhat 
small, 

This does not, however, explain altogether 
why methods of construction and details of 
design should also present radical differences. 
Why should we adhere to the deep plate type 
of frame, and in America the bar frame be 
universal and the plate-framed locomotive be 
‘regarded as a curiosity ? It is one of those 
distinctions which can be accounted for only 
by the fact that development has proceeded 
on different lines, in order to meet different 
requirements and circumstances. Of late years, 
however, American, British, and Continental 
practices have been coming closer together, 
because certain special features introduced 
long ago in America are now needed on this 
side also of the Atlantic. But our tunnels 


and bridges are constructed, and they limit 
the size of our locomotives, so we shall never 
use here any to rival in point of size some of 
the mammoths which are illustrated on the 
following pages. 

The greatest credit is due to American 
designers for their success in solving the many 
problems of transport which they have had 
to face. We show our wisdom in following 
where we get a good lead, and in adopting 
features which have proved to be advan- 
tageous. If in the past we havo been some- 
what too conservative, it can at least be 
claimed for British (and European) locomotives 
that they have an unbeaten record for dura- 
bility and reliability, the result of first-class 
workmanship. We are perhaps too reluctant 
to scrap old stock; the American does not 
hesitate to replace a good engine by one that 
is better. 

Until quite lately nearly all American loco- 
motives used the ordinary link-motion valve 
gear. Now that the size of engines has been 
greatly increased, and with it the weight of 
valve gear and the importance of economising 
space between the frames, a leaf has been 
taken out of the Continental book, and the 
Walschaert outside gear is being introduced 
extensively. 

After these preliminary remarks we will 
proceed to represent a few examples of Amer- 
ican—in which Canadian may be included— 
practice, omitting for tho present “ articu- 
lated ” locomotives, to which type belong the 
largest engines yet constructed. 
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Fig. 31.— ATLANTIC”? TYPE LOCOMOTIVE, CHICAGO AND NORTH-WESTERN RAILWAY. 


Cylinders, 20 inches by 26 inches. Driving wheels, 6 fect 9 inches. 











Heating surface, 3,015 square feet. Weight of engine, 
75 tons, Built by the American Locomotive Company. A good ordinary example of recent American practice. | 
y eee 
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Fig. 32.—“ ATLANTIC” TYPE, PHILADELPHIA AND READING RAILWAY. 
Cylinders, 15 inches and 25 inches by 24 inches. Driving wheels, 7 feet. Heuting surface, 2,540 square feet. Weight, 83 
tons. Special features are the huge Wootten fire-box, the driver's “ camel” cab fitted upon boiler barrel, and high and low 
pressure piston rods connected to one cross-head. 


These superposed-cylinder Vauclain compounds work the fastest trains 
in the world, at average speeds of 66 miles an hour. 
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Fig. 33.—“ MoGuL” TYPE LOCOMOTIVE, NEW YORK, ONTARIO, AND WESTERN RAILWAY. 


Cylinders, 19} inches by 28 inches. Dricing wheels, 5 feet 9 inches. Heating eurface, 2,119 square feet. Weight, 76 tons. 
This type is used very extensively in America for ordinary goods traffic. Built by the American Locomotive Company. 
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Fig. 34.—s1X-COUPLED BOGIE LOCOMOTIVE, CANADIAN PACIFIO RAILWAY. 


Cylinders, 20 inches by 26 inches. Driving wheels, 5 feet 9 inches. Heating surface, 2,445 square feet. Weight, 78 tons. 
This type is used very extensively in the United States and Canada for all-round work. Built by the American Locomotive 
Company. 
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Fig. 35.—“ prainiE”? TYPE LOCOMOTIVE, LAKE SHORE AND MICHIGAN SOUTHERN RAILWAY. 


Cylinders, 20} inches by 28 inches. Driving wheels, 6 feet 8 inches. Heating surface, 3,597 square feet. Weight, 85 tons. 
This engine was exhibited at the St. Louis Exposition, 1904, and is now engaged in fast express service. 
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Fig. 36.—‘ paciFic ” TYPE LOCOMOTIVE, CHICAGO, ST. PAUL, MINNEAPOLIS, AND OMAHA RAILWAY: 


Oylinders, 21 inches by 28 inches. Driving wheels, 6 feet 3 inches. Heating surface, 3,426 square feet. Weight, 87 tons. 
Trailing wheels fitted in a truck to facilitate movements round sharp curves. (Photo, Locomotive Publishing Company.) 


(1,408) 14 VOL, IL 
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Fig. 37.—THE LARGEST PASSENGER LOCOMOTIVE IN THE WORLD. 


Cylinders, 24 inches by 26 inches. Driving wheels, 6 feet 8 inches. Heating surface, 4,427 square feet. Weight of engine, 
}23 tons. Enginos of this type haul trains of 500 tons, which at one time often required the use of two engines. Walschaert 
valve gear. Built for the Ponnsylvania Railroad by the American Locomotive Company. 
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Fig. 38.—"' coNSOLIDATION ” LOCOMOTIVE FOR THE GRAND TRUNK RAILWAY OF CANADA. 


Cylinders, 22 inches by 30 inches. Driving wheels, 4 foot 3 inches. Ileating surface, 3,650 square fect. Weight, 89 tons. 
Engines of this class are used for hauling trains of over 1,000 tons for very long journeys of 1,000 miles or more. 
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Fig. 39.—‘ pECAPOD ” LOCOMOTIVE, BUFFALO, ROCHESTER, AND PITTSBURG RAILWAY. 


Oylinders, 24 inches by 28 inches. Driving wheels, 4 feet 4 inches. Heating surface, 3,535 square feet. Weight of engine, 
123 tons. These ten-coupled engines are designed for enormous loads. The largest Decapods—the largest non-articulated 
engines in the world—are working on the Atchison, Topeka, and Santa Fé Railroad. 


ARTICULATED 


ARTICULATED LOCOMOTIVES. 


The term “ articulated ” is used in connec- 
tion with locomotives to describe all engines 
in which there are two or more sections—each 
steam-driven—connected together in such a 
way that one section can take up an angular 
position with respect to another section with- 
out difficulty when rounding sharp curves. 
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LOCOMOTIVES. 


locomotives can usually pass 
severe curves quite safely; but there are 
numerous railways which contain sharp curves 
round which heavy traffic must be hauled by 
large, long, and powerful engines. In some 
cases the provision of side-play for the axles, 
or flangeless wheels, or radial axle-boxes, and 
bogies suffice. But under certain conditions 
the articulated locomotive alone meets the case. 
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Fig. 40.—‘ FAIRLIE ” ARTICULATED LOCOMOTIVE, SAXON STATE RAILWAYS. 


Cylinders, 11} inches and 174 inches by 15$ inches. 
Weight, 40 tons. 


Wheels, 30} inches diamoter. 
These engines, built by the Saxon Machine Works, are designed for working light railway or tramway traffic; 


Heating surface, 860 square feet. 


and as they pass in places along the public roads the mechanism is covered in. The boilers are connected by one large fire- 


box, a feature usual with Fairlie locomotives. 
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Fig. 41.—JOHNSTONE EIGHT-CYLINDER COMPOUND ARTICULATED LOCOMOTIVE FOR THE MEXICAN 
CENTRAL RAILWAY. 


This engine is somewhat of a freak, but affords a very remarkable example of a double-boiler articulated engine. The two 
seta of six-coupled wheels are mounted on pivoted frames, but the cylinders are carricd on the main frames, and for trans- 
mitting power to the wheels require the use of special lever mechanism that will compensate for the swinging of the pivoted 
frames on curves. Four cylinders—two high and two low pressure—drive each set of coupled wheels. A peculiarity of the 
Johnstone compound system is to arrange a high-pressure inside a low-pressure cylinder. Tho latter has two piston rods, which 
are attached to the same cross-head as the high-pressure rod. The engines of this type are so big that they had to be partly 
dismantled in order to get them through certain tunnels on the journey from the works to their sphere of action. 
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Fig. 42.—ARTICULATED COMPOUND LOCOMOTIVE, HEDJAZ RAILWAY (ARABIA). 


Cylinders, 12§ inches and 20 inches by 22 inches. 
Weight, 514 tons. Gauge, 3 feet 6 inches. 


Coupled wheels, 3 feet 4} inches. 
This is a good example of advanced Continental practice. 


Heating surface, 1,780 square feet. 
The leading wheels 


are only four-coupled, with a pair of smal! carrying wheels, so that the engine is a combined four-coupled and six-coupled loco 


motive, an unusual feature in articulated engines. 
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Built by Henschel and Sohn of Cassel, Germany. 
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Fig. 43.—ARTICULATED LOCOMOTIVE FOR THE PEKIN-KALGAN RAILWAY OF NORTH OHINA. 


Cylinders, 18 inches and 28} inches by 28 inches. 


Coupled wheels, 4 feot 3 inches. 


Heating surface, 2,591 square feet. 


Weight, 96 tons. This engine is interesting as being the first Mallet Articulated built in this country. The makers are the 
North British Locomotive Company. This type was poesenes to handle heavy trains on gradients of | in 30, and on curves 


of 500 feet radius. 


It is generally considered that the first articu- 
lated engines were those built a good many 
years ago for working one of the severe lines 
of the Austrian State Railways. One of these 
engines had two boilers carried on one frame, 
and two similar sets of four-coupled wheels 
with their own cylinders and mechanism, each 


mounted on a frame pivotally connected to 
the main frame, one under each boiler. The 
other engines had the wheels arranged in two 
sets, one pivoted, and some wonderfully com- 
plicated chain and lever gearing, so that the 
cylinders could drive one set of wheels directly, 
the other indirectly. 
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At the present day two main types are gen- great weight, and lack of flexibility. (2.) Th. 
erally used: (1.) The “Fairlie,” or double-  single-boiler type, which may be subdividec 
boiler type. This has two sets of coupled into (a) the Meyer, with two pivoted frames 
wheels, both mounted on pivoted frames, so each having two cylinders taking steam direot 
that very sharp curves can be taken with from the boiler. This has been largely super- 
ease. Each set has its own cylinders. The seded by (b) the Mallet type. In this case 
two sets are separated by a considerable dis- the engines are compound, and the rear set 
tance, thus distributing the weight, a fact of coupled wheels, carried by the main frames, 
which allows short bridges to be of com- aro driven by the high-pressure cylinders, 
paratively light construction. The design is whereas the front set, fitted in a pivoted swing. 
practically two locomotives in one, each of ing frame, are actuated by the low-pressure 
moderate dimensions and weight, giving the cylinders. This system is very suitable for 

large dimensions, and has been developed 


total effect of a large and powerful locomotive 
without the disadvantages of unwicldy size, widely in Europe and America. 





‘““ SHAY” GEARED LOCOMOTIVE FOR THE SOUTHERN RAILWAY (U.8.A.). 


Fig 46.—LARGE 
The “ Shay ” is primarily designed for working on roughly-laid 


An interesting form of articulated engine is shown above. 
tracks in timber or lumber districts, under conditions which would derail] an ordinary locomotive beforo it had travelled half 


The design usually includes three cylinders arranged vertically at the side of the boiler to drive a longitudinal shaft. 


a mile. 
This shaft is in sections provided with universal joints, and carries beve] pinion whecls gearing with bevel tecth on the taces 
The illustration shows four bogies, two under the engine and two under the 


of the wheels, all of which are used for driving. 
This apparently awkward and lop-sided arrangement is compensated 


tender, so that sixteen driving wheels are available. 
by placing the boiler somewhat off the centre line. 
Many large and interesting Shay engines are used by the important American and Canadian railways, and in some cases 


weigh upwards of 100 tons. 
f ; ‘ . . 
| Two engine bogies 
and one boiler. 
The steam from 


Fig. 47.— 
MEYER TYPE the rear engine 
exhausts through 
LOCOMOTIVE the chimney ris- 
ing above the 


coal bunker. 
Built by Andrew 
Barclay and Co., 
Limited, of Kil- 
marnock. 


FOR NARROW 
GAUGE GREEK 
RAILWAY. 
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LOCOMOTIVES. 


Some interesting details of the huge 
Mallet Articulated Locomotives built 
by the American Locomotive Company 
and the Baldwin Locomotive Works. 


(See page 273.) 





Fig 3.—FRONT SECTION OF THE BOILER 
BARREL OF MALLET laa LOCO- 


Fj MOTIVE, Fig. 45, p. 215. 
6: 1. BE BUOE MOCr oN ee Ob the aoe This contains the feed-water heater, the steam 


ARTICULATED LOCOMOTIVE, Fig. 44, p 213. superheater, and tho smoke-box, and is detachable, 
The figure shows by comparison its great size. as cach part res(s upon a set of eight-coupled wheels. 


(Photo, American Locomotive Co.) (Photo, Baldwin Locomotive Works.) 
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Fig. 2.— A LOW-PRESSURE OYLINDER OF MALLET Fig. 4.—THE BOILER PROPER OF THE MALLET 
ARTICULATED LOCOMOTIVE, Fig. 44, p. 213. ARTICULATED LOCOMOTIVE, Fig. 45, p. 213. 
(Photo, American Locomotive Co.) (Photo, Baldwin Locomotive 
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THE BOILER SHOPS, NORTH-EASTERN RAILWAY LOCOMOTIVE WORKS, GATESHEAD. 


II. 


LOCOMOTIVE CONSTRUCTION. 


orth-Eastern Railway Company.) 


(Photo by courtesy of the N 
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Fig. ].—cNE OF THE NEW YORK CENTRAL RAILWAY ELECTRIC LOCOMOTIVES, WHICH WAS TESTED 
AGAINST STEAM LOCOMOTIVES IN APRIL 1905. 


This engine, which weighs 100 tons, and develops about 3,000 horse power, proved its superiority to the steam 


locomotive. 


The view shows railway officials and their friends assembled to watch the trials. 


ELECTRIC LOCOMOTIVES. 


BY J. F. 


HERE is a popular idea that electricity 
can do anything, and that before 
many decades have elapsed the steam 

locomotive will be finally shelved as the prin- 
cipal means of railway travelling. It may be 
that this will be so, for the possibilities of 
electric traction are great; but there is little 
prospect of the steam locomotive being dis- 
placed for long distance express and goods 
traffic until many years have passed. Yet al- 
ready the electric locomotive occupies a place 
in modern transportation that makes it a 
serious rival to the steam locomotive in many 
ways, and there is little question that it will 
become more and more important for railway 
operation as the years go by. It is often 


GAIRNS. 


claimed that the electric locomotive is partic- 
ularly adapted for very high speed. Prophetic 
novelists speak glibly of 150 and 200 miles- 
an-hour express trains. It is true that speeds 
have been obtained by electric locomotives 
much higher than those of the steam loco- 
motive, but only by special machines gradu- 
ally worked up by trial after trial, and con- 
suming enormous quantities of electric energy ; 
whereas no steam locomotive has ever been 
constructed merely with the object of attaining 
extremely high speed without a train and 
under corresponding conditions. 

On the whole, the speed records, under com- 
mercial conditions, of electric locomotives are 
much below those of the steam locomotive; 
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Ma” a f a 
. ee. f) / f i 
Fig. 2.—THE INTERIOR OF A METROPOLITAN 
RAILWAY ELECTRIC LOCOMOTIVE. 


but in the matter of rapid acceleration, prompt 
working of trains, and the ability to exert 
enormously increased power when required, 
the electric locomotive is decidedly superior. 
At present, the legitimate field for electric 
traction appears to be the operation of numer- 


ous trains on a crowded line at reasonably’ 


fast speeds, and most of the important applica- 
tions of electric power are of this character. 
For this traffic electricity is far better than 
steam, as no steam railway could carry out 
a train service corresponding to that of the 
Lcndon underground railways, the Liverpool 
and Southport section of the Lancashire and 
Yorkshire Railway, and the North-Eastern 
electric sections in the Newcastle district. 
There are also many electric systems of a 
somewhat similar character on the Continent ; 
and of course the electrified railways of New 
York, Chicago, and other American towns are 
even more remarkable than those in this coun- 
try. There is a possibility that, as eloctric 
suburban systems become more general in the 
towns, it will be found desirable to link up 
the various systems by electrifying the inter- 
mediate sections of main lines ; but it is hardly 
likely that electric main line services will be 
other than exceptional in this country for a 
long time to come. 

In America almost every little township has 
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its electric tramways, and in many cases the 
systems have been linked up, so that it is 
possible to make town-to-town journeys of con- 
siderable length and at good speed. In fact, 
on many of these lines speeds of fifty or sixty 
miles an hour are nothing unusual between 
towns. Yet the commercial electric railway 
generally is still one on which a frequent 
and heavy train service is conducted, and 
high speed work is performed principally by 
the steam locomotive. 

There are two other conditions under which 
electric traction is desirable—where a railway 
terminus is approached through tunnels, and 
for working trains through long tunnels where 
the steam locomotive is at a disadvantage or 
undesirable. For example, some of the Amer- 
ican railways enter New York by means of a 
tunnel section, and now all trains are moved 
electrically over this section. In fact, the elec- 
trification has been carried considerably fur- 
ther than the tunnels necessitate, and, with 
the exception of the long distance trains, most 
of the traffic is in some cases now worked 
electrically. In Paris, the Orleans railway is 
similarly operated for a few miles. Jn London, 
we have the case of the Metropolitan Railway, 
where the long distance trains are now hauled 
by electric locomotives between Harrow and 
Baker Street and beyond, and of the Great 
Western trains running between Paddington 
and Aldgate Stations. 





Fig. 3.—AN ELECTRIC LOCOMOTIVE FOR HAULING 
STEAM TRAINS OVER THE ELECTRIFIED SECTIONS 
OF THE LONDON METROPOLITAN RAILWAY. 
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Fig. 7.—EXPERIMENTAL ELECTRIC LOCOMOTIVE, BY MESSRS. SIEMENS AND HALSKE, USED IN THE 
HIGH-SPEED TRIALS OF 1903 ON THE MARIENTFELDE-ZOSSEN RAILWAY. 
A maximum speed and world’s record of 131 miles an hour was recorded. 
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Fig. 4.—AN ITALIAN ELECTRIC LOCOMOTIVE, WITH OVERHEAD CURRENT COLLECTORS: 


As examples of tunnel operation may be 
mentioned the use of electric locomotives for 
hauling steam trains, including the locomotive, 
through a long tunnel under the river at Balti- 
more ; through the St. Clair tunnel, by which 
the Grand Trunk Railway passes from Canada 
into the United States; and the recently- 
opened Simplon Tunnel. 

In this article only the electric locomotive 
proper, and not the electric motor train, will 
be dealt with. On the Metropolitan and many 
other electric railways the current is collected 
from a conductor rail laid alongside the run- 
ning rails. In some cases there is a fourth 
rail for the return; in others, only the con- 
ductor rail is provided, and the ordinary rails 
are bonded for return. 

Where traffic is heavy and frequent, and 
direct currents of moderate voltage are used, 
it is generally preferable to employ a con- 
ductor rail, to avoid the strain that would be 
imposed upon an overhead conductor wire, 
and also because a rail must be of large size 


(and expensive) to carry the high amperage 
(equivalent to volume) of current. Abroad, 
there is a tendency to employ high tension 
currents which can be conveyed by a com- 
paratively small overhead wire, and picked up 
by a trolley pole, or corresponding mechanism, 
placed on top of the locomotive. Similar sys- 
tems are being experimented with somewhat 
largely in this country, and two installations 
of this character are now in use—one on the 
Midland Railway between Lancaster and 
Morecambe and Heysham, the other on the 
London, Brighton, and South Coast Railway 
between Victoria and London Bridge. 

On the New York Central and Hudson River 
Railroad the trains are now operated for some 
distance at the New York end by large electric 
locomotives (Fig. 1). A series of compara- 
tive trials between steam and these electric 
locomotives were carried out when the latter 
were first introduced. Fig. 5 shows an elec- 
tric locomotive and train racing a steam in- 
spection engine. In this case the steam en- 


ELECTRIC LOCOMOTIVES. 


gine had no load, but in other trials steam 
engines of the largest class were employed to 
haul equivalent trains. On the first run the 
two complete trains started together, but the 
electric locomotive fell behind at first, mainly 
owing to inequality in current supply. At 
three thousand feet from the starting-point 
the electric locomotive reached the same speed 
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locomotive, and without a load speeds up to 
85 miles per hour. 

Reference must now be made to the famous 
German high-speed trials of October 1903, 
when the highest known railway travelling 
speeds were obtained. 

In connection with a Government institu- 
tion, a little more than 14 miles of railway is 





Fig. 5.—A RACE BETWEEN AN ELECTRIC LOCOMOTIVE AND A STEAM LOCOMOTIVE ON THE 
NEW YORK CENTRAL RAILWAY. 


as the steam locomotive, and at a distance of 
two miles from the starting-point passed its 
rival. When steam was shut off the electric 
locomotive was two train lengths ahead. The 
maximum speed of the steam locomotive 
was 60 miles per hour; that of the electric 
locomotive 57 miles an hour. On other runs 
the speeds were 53 and 56 miles per hour for 
the steam locomotive, and 60 and 61°6 miles 
per hour for the electric locomotive. There 
were several other runs with trains, and in 
each case the electric locomotive proved its 
superiority. It must, however, be borne in 
mind that this was mainly due to the acceler- 
ative powers of the electric locomotive—of 
itself a very; important feature—whereas the 
steam locomotive was to some extent handi- 
capped by the shortness of the run. 

With one coach s maximum speed of 79 
miles an hour was obtained by the electric 


operated, mainly for experimental purposes, 
between Marienfelde and Zossen. On this 
line high-speed trials were carried out in 
1902, between experimental locomotives con- 
structed by the great electrical firms of Siemens 
and Halske and the Allgemeine Elektrizitats, 
Gesellschaft—familiarly known as the A.E.G. 
It was found, when maximum speeds of almost 
100 miles per hour had been reached, that the 
track would require strengthening before the 
trials could be continued. Even then, how- 
ever, remarkable work had been done, and 
the photograph reproduced on page 219, illus- 
trating the Siemens and Halske locomotive then 
employed, will be of interest. The use of 
three-phase high-tension currents necessitated 
the employment of the complicated current 
collectors shown. In 1903 the trials were con- 
tinued, on a strengthened track, fitted with 
guard rails to prevent possible derailment, 
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and with improved locomotives by Siemens 
and Halske. In this case still more- remarkable 
work was done, and the trials eventually con- 
cluded with the marvellous maximum speed 
records of 129 miles an hour for one locomotive, 
and of 131 miles an hour for the other. 

Since then nothing further appears to have 
been done in the way of extremely high-speed 
travelling by electric locomotives, but the 
actual results were most: remarkable. There 
is, however, a great difference between such 
performances on a specially constructed test- 
railway—conducted, moreover, almost regard- 
less of expense—and the regular operation 
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of a high-speed public railway. In fact, 
it is understood that the amount of current 
used by these record-breaking locomotives 
would have been nearly enough to operate 
an ordinary train service over the same length 
of track. 

At the present time a number of electric 
locomotives are being constructed for the 
Pennsylvania Railroad to work its trains 
through the New York tunnels sections of the 
system. They are the most powerful haulers 
ever built. Each consists of two 2,000 horse- 
power units, and is capable of running at a 
speed of 90 miles an hour. 





Fig. 8.—STRENGTHENED TRACK OF THE MARIEN- 
FELDE-ZOSSEN RAILWAY USED FOR THE 1903 


HIGH-SPEED TRIALS. 
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I.—A COMBINED RACK AND ADHESION LOCOMOTIVE, BUILT BY THE BALDWIN LOCOMOTIVE WORKS 
FOR THE SAN DOMINGO IMPROVEMENT COMPANY. 


It has six cylinders. For driving the four-coupled adhosion wheels two pairs of Vauclain superposed cylinders, each oper- 
ating a common cross-head, are used. The other two cylinders, placed on top of these pairs, drive through lever gear the shaft 
of the leading whoels, on which is mounted a pinion engaging with tho teeth of the rack rail laid between the running rails. 
by this means gradients much steeper than those negotiable by ordinary locomotives can be climbed. 
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ll.—A CRANE LOCOMOTIVE, BUILT BY MESSRS. HAWTHORN, LESLIE, AND CO., LTD. 


In engines of this type the crane is sometimes fitted upon the bunker, sometimes on a saddle topping the boiler (as in the 
example given above). The boiler supplies steam to small engines for lifting and swivelling the load. Raising is effected 
either by a movable jib, or by chains passing over a pulley at the end of a jib, which can move horizontally only, to a wind- 
ing drum. Many comparatively large engines of this kind are used by railway companies in their works, and for taking 
“ breakdown” trains; while private firms employ them for shunting and loading or unloading. wagons on their premises. 
The crane shown in the illustration lifts weights up to 4 tons with a jib that can be raised and lowered, and which, when 
not in use, rests upon the top of the chimney. 
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Fig. 1.—aA SIGNAL GANTRY BRIDGE AT CREWE SOUTH JUNCTION. 
SIGNALS SAVES A CONSIDERABLE AMOUNT OF 
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THIS METHOD OF MOUNTING 
SPACE AND PREVENTS CONFUSION, 


RAILWAY SIGNALLING. 


BY H. RAYNAR WILSON. 


Extraordinary ingenuity has been expended on systems and apparatus for 


the protection of life and property on railways. 


In this article some of the 


most striking inventions for controlling signals and points are passed under 


review. 


The diagrams, most of which have been drawn specially, will enable 


the reader to gain a clear conception of the principles of the apparatus 


described. 


N no branch of railway work has there 
been such development as in signalling. 
In 1837 a ball signal was used on the 
Great Western Railway, which, when at the 
top of the mast, indicated that the line was 
clear. The absence of the 
ball signified danger. At night 
a stable lantern. was hooked on to the bail. 
Later—in 1843—this crude effort gave place 
to cross-bar and disc signals. The ‘“ danger” 
indication was given by the cross-bar, which 
(1,408) 
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was 8 feet long and 1 foot deep, being pre- 
sented to the driver, and ‘“‘clear”’ by the 
signal being turned a quarter of a circle, and 
by the disc, which was 4 feet in diameter and 
at right angles to the cross-bar, being shown. 
About this time Sir (then Mr.) Charles 
Hutton Gregory was resident engineer on the 
London and Croydon Railway from Rother- 
hithe, on the London and Greenwich Railway, 
to Norwood. The idea occurred to him of 
conveying instructions to enginemen by means 
VOL. II. 
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Fig. 2.—OLD DISC SIGNAL AT SPETISBURY, SOMER- 
SET AND DORSET RAILWAY. 


of indications of the arm of a semaphore such 
as had been first used for naval and military 
signalling by a Frenchman named Claude 
Chappe in 1796. Such a signal was erected 
at New Cross late in 1841 or early in 1842. 
Only three intimations were called for— 
‘‘ danger,” “‘ caution,” and “clear.”’ To give 
the first, the arm was set horizontally ; lowered 
to an angle of 45° for “ caution ;”’ and lowered 
vertically for “clear.” For night work a 
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Fig. 3.—“ pistant” (FORK-ENDED) AND “stop” 
(SQUARE-ENDED) SEMAPHORE ARMS. 





OF THE WORLD. 


lamp was provided with red, green, and white 
lenses. This was on a separate shaft, and 
originally was turned independently of the 
operation of the arm. 

These devices were all for stop signals, as 
distant signals. had not been introduced. The 
latter came subsequently, and were first 
known as “ auxiliary ” signals. 

Semaphore signals were adopted very slowly 
for stop signals, and discs were long retained 
for distant signals. The Great Northern line, 
when opened in the early 
"fifties, was the first to have 
semaphore distant signals 
throughout. No distinction was made in the 
shape of the two types of signals. Later, by 
cutting’ a notch and giving a fish-tail to 
those distant signal arms that were placed 
near stop signals, the one class of signal 
could be distinguished from the other. This 
led to the adoption of the fish-tail arm now 
universal, See Fig. 3. 


Semaphore 
Signals. 





Fig. 4.—“ sTEPpPED ”’ SIGNALS AT A JUNOTION. 


Tho greater the elevation of an arm the more important 
the track to which it refers. 


An improvement in the design of signals 
is the “stepping,” whereby 
they are made more readable. 
At the approach to a junction, 
for instance, the arm for the most impor- 
tant line is the highest, and that for the next 


Signals. 
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important is three feet or so lower; and so 
on. This is made clear from Fig. 4, which 
shows @ signal for leading from a main line 
along any one of four different lines through 
a station. It will be gathered from this that 
the most important is the third line from 
the left, and the least important is the fourth 
line from the left. Originally the arms would 
have been placed one over the other, the 
top arm applying to the left-hand road ; and 
it will be readily appreciated that to have 
the arm for the most important road third 
on the post was a bad system. 

Where there are several roads and junctions 
leading off them, it is difficult to fix the posts 
and so to arrange the arms that their exact 
relation to the lines may be clear; but the 
trouble has been overcome by providing 
signal bridges or gantries. One of such, fixed 
at the south end of Crewe Station, appears in 
Fig. 1. This carries the signals for entering 
the station on four different lines, and some 
outgoing signals as well. 

Even with signal bridges, it is not always 
possible to get the arms within a reasonable 
compass, so route-indicating signals have 
been adopted. Only ono sig- 
nal arm is provided, and an 
indicator, with numerals or 
letters, shows the direction for which the line 
is “set.” When the arm is at danger the 
indicator is obscured. The boon of these 
indicators may be judged from the fact that 
on a signal bridge at Glasgow Central Station 
there are only twenty-two arms instead of 
eighty-six. The route-indicating signal may 
be likened to the bell board of a hotel or a 
lift, where screens appear showing which bell 
has been rung. The indicator is illuminated 
from the back at night to show up the numerals. 

The Great Northern Railway Company were 
led to make a change in their type of signal 
arm in consequence of the Abbots Ripton 
collision of January 1876, due to the signals 
becoming unworkable through heavy snow 


Signal 
Indicators. 
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weighing down the arms and giving a false clear 
signal, The central balanced arm (Fig. 5) 
was adopted, as snow accumulates fairly 
evenly on both sides of the spindle which 
supports the arm. 





Fig. 5. 


‘POINTS. 


In tho early days of railways all points 
were shifted by a lever placed near the 
switches. Then the practice grew of group- 
ing some of the levers together on a stage 
and coupling the points by rodding to the 
levers. 

There are two kinds of points—trailing and 
facing. ‘Trailing points are those that a 
train passes through from the rear where 
two lines join each other. Facing points are 
those which determine the course of a train 
when passing from one line on to either of 
two lines at a junction. The switches of the 
points are movable, and are set in one posi- 
tion or the other to guide the train. Their 
tapered ends, fitting close to the rail, remove 
any possibility of danger from their project- 
ing into the path of the wheels of the train 
and causing a derailment. If, however, the 
bar connecting the points should break, one 
point might be moved without affecting the 
other, and derailment of the next train pass- 
ing would be inevitable. Furthermore, there 
is the risk of a signalman shifting the points 
while a train passes over. 
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Fig. 6.—SaAxXBY AND FARMER'S FACING POINT LOCK. 


These possibilities have been negatived by 
the simple but ingenious Saxby and Farmer 
facing point lock, which is shown in Fig. 6, 
and is worthy of examination. 
The points are shifted by one 
set of rods, B, and locked or 
unlocked by a quite separate set, H. Near 
the nose of the points is a stretcher bar, C, 
divided into two parts, one of which is at- 
tached to each switch. These parts are 
flattened out and overlap one another for 
about eighteen inches at the centre of the 
track. The overlapping portions are pierced 
with two sets of holes, which under normal 
conditions coincide exactly. Should the bars 
connecting the switches break, the stretcher 
would divide, and the holes of the parts 
coincide no longer. 

Attached to the sleeper under the stretcher 
is a collar, through which works a plunger 
bolt, D, fitting the holes in the stretcher. 
This bolt is connected by rods and a rocking 
Jever to a locking bar, E. The bar rides on 
swinging clips, F, and can be moved in either 
direction by the train of levers, HH, its 
upper surface rising at half-stroke to the 
level of the top of the rails. (The motions of 
the bar may be compared to that of one 
element of a pair of parallel rules.) If a 


A Point 
Lock. 
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vehicle happens to be passing, the bar cannot 
be thrown over, owing to the _ obstruc- 
tion caused by the wheel flanges, and conse- 
quently the bolt cannot be withdrawn from 
the stretcher bar, which fact in turn prevents 
the shifting of the points. In the illustration 
the bar is seen lying over to the right, and 
the bolt withdrawn ready for the points to be 
shifted. As soon as they have been moved, 
the bar will be thrown to the left, and the 
locking bolt shot. It should be added that, 


should either of the tongues, AA, or the rods, 
KK, break, the two parts of the stretcher 
bar would separate, and the signalman would 
know, from his inability to shoot D home, 
that something was amiss. 





Fig. 7. 


INTERLOCKING. 

But these great improvements must appear 
small when compared with the introduction. 
of the interlocking of points and signals. 
By this the lowering of conflicting signals— 
that is, those for opposing movements, such 
as signals 6 and 7 in Fig. 7—is rendered 
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impossible, nor can signal 2 be pulled “ off ” 
for a train to pass along the main line when 
the points 4 4 are open for a shunting move- 
ment. The operation of levers in their proper 
sequence is also secured. By this is meant 
that lever 7 for the branch-line signal cannot 
be pulled until after 8 for the branch-line 
points, nor signal 5 for leaving the siding 
until the siding-points 4 4 are opened, nor 
the distant signal 1 until the stop signals 2 
and 3, to which it applies, are “off.” By 
the same means the distant lever must be 
put back to danger before the stop signals, 
lest the distant signal might indicate “ clear ” 
when the home signal is at danger; and 
the siding signal must be put to normal 
danger—hbefore the siding-points are closed. 
There are two systems of interlocking— 
lever-locking and catch-handle locking. 
Lever-locking is explained 
by Figs. 8 and 9. Fig. 8 is 
a side view of a lever and a 
tappet rod, C. 
The second of 
these passes through a box, 
X, its movements being re- 
strained by locks. The mean- 
ing of these locks is shown in 
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Fig. 9, where we look from above, as it were, on 
four levers with their tappets, C’, C*, C*, C*. 
Running crosswise above the tappets are 


2 LEVER, 3 
mi oie ; 





ee 





Fig: 9. 


slide bars, to which the Jocks A, B, and D are 
attached. If tappet 2 were moved down the 
page, the sloping top of notch N’* would push 
lock A to the right into notch N’ of tappet 3, 
which could not therefore be moved until 
tappet 2 had been restored to its original 
position. Similarly a movement of tappet 3 
would lock tappet 2. If levers 2 and 3 operate 
stop signals on two converging lines at a 
junction, it is evident that the signals cannot 
both be put to “ clear” simultaneously. 
Turning now to tappets 1 and 4, we see 
that these are influenced by the locks B and 
D, attached to a common slide bar. In this 
case tappet 1 cannot be moved from its 
normal position until tappet 4 has been moved 
to bring notch N* into line with D. If tappet 
1 be then pulled over, tappet 4 will be held 
from returning to its normal position. This 
sequence of operations is known as back- 
locking, as it prevents one lever being put 
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Fig. 10.—INTERIOR OF READING MAIN LINE EAST SIGNAL BOX. 
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put back the levers— 
especially point levers 
—continually ; and so 
some of the advan- 
tages gained by the 
operation of points and 
signals by power in- 
stead of manually will 
be appreciated. 

Mr. Westinghouse, 
the inventor of the air 
brake, first introduced 
the movement of 
points by power. This 
was done at Bound 
Brook, New Jersey, on 
the Philadelphia and 
Reading Railway, in 


LEVERS FOR MANUAL SIGNALLING. 


back to normal until another lever has beon 
restored. In the first instance considered, 
the lock prevented a lever being moved from 
normal so long as another was abnormal. 

A tappet may pass through two, three, or 
more locking boxes, or it may be made of double 
thickness to engage with two superimposed 
rows of locks and slide bars in a single box. 
The locks and notches are differently shaped, 
so that the locks of one row can enter only 
the corresponding notches in the tappets. 

In catch-handle locking the tappet is at- 
tached to the catch handle of the lever. 
Should the tappet be held by some conflicting 
tappet, a catch cannot be 
lifted from the quadrant, and 
consequently the lever cannot 
be moved. This system puts less strain on 
the interlocking, but introduces links, pins, 
and other moving parts. 


Catch-handle 
Locking. 


POWER AND AUTOMATIC SIGNALLING. 


The view in Fig. 10 will give an idea of the 
size of present-day signal boxes. It may also 
help us to realize the physical strain put upon 
the signalman by his having to pull over and 


1884. 


Compressed air, and subsequently water, 





Fig. 11.—LECTRICAL POWER LOCKING FRAME ON 


THE NEW YORK CENTRAL RAILWAY. FRONT 


REMOVED TO SHOW INTERLOCKING GEAR. 


RAILWAY 





_ Fig. 12.—INTERIOR OF SOUTH JUNCTION SIGNAL BOX, CREWE. 
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ELECTRIC POWER SIGNALLING 


INSTALLATION. 
Compare this with Fig. 10 to appreciate the saving in space occupied by levers. 


was employed to move the points, but was 
replaced by air compressed to a pressure of 
60 lbs. or 70 Ibs. supplied from a common 
air main. The valves of the points and signals 
were opened and closed by electricity at low 
voltage sent over aerial wires. 

Other agents are employed also. There are 
the all-air at low pressure (15 lbs.), a hydraulic 
system, and several all-electric methods. 

Fig. 12 is a view of the interior of Crewe 
South Junction signal box, where, as in eight 
other boxes at Crewe, the points and signals 

are operated electrically. This 

oe box contains 247 levers, and 
Frames: that at the other end of the 
station has 266 levers. From 

these it will be judged into what a small 
compass the locking frames can be got, 
owing to the fact that, as the’ levers have 
nothing more to do than to open or close 


electrical circuits, they can be made small 
and placed close together. Less than half 
the length and considerably less width is re- 
quired, and, as a consequence, the signal boxes 
may be reduced greatly in size. This is a great 
convenience. Less land is needed, and the lines 
and sidings have not to be interfered with so 
much to find space for a big signal box. 

There are other advantages. One is that, 
as flexible wires replace rigid rods, for which 
a, direct course is necessary, almost any posi- 
tion will do for the signal box. 

Furthermore, point rods, which take up a 
lot of room, are eliminated. At Boston 
Southern Terminus, Mass., U.S.A., this gave 
additional siding accommodation sufficient for 
sixty-seven American passenger cars; and at 
Glasgow Central Station the Caledonian Com- 
pany were able to lay down an additional 
line over the Clyde Bridge. 
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Fig. 13.—AN ELECTRIC POINT-SHIFTING MOTOR. 


Yet another advantage is the means of 
making sure that the points lie for the direc- 
tion that corresponds with the signal. This 
is done effectively in power signalling, and 
the signalman is also told that the lever has 
done its work, and that the points or signals 
have responded to the lever. Where mechan- 
ical signalling is employed, the man can often 
tell by the “feel” of the lever that nothing 
has become disconnected; but in a power 
frame there is no ‘“‘feel.’’ Consequently a 
‘“yeturn indication ” is given after the work 
has been done. 

In most systems the electrical circuits are 
joined up, or the valves opened, by the 
initial movement of the lever, 
which cannot be given its full 
stroke, because, when it is 
about half way over, a lock stops further 
progress, and has to be withdrawn by the 


Return 
Indications. 
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“return indication” coming from the point 
or signal, and certifying that the work has 
been done. The lever can*then be moved 
the remainder of the distance, and will then 
releaso any sympathetic levers that have to 
follow. 

The low-pressure pneumatic method of 
automatically completing a stroke that has 
been begun by the signalman is very in- 
teresting, and demands notice. 


In this system the locking Automatic 
f h dled inatoad’ Of Stroke 
rame has slides instead of ¢, 1 etion. 


levers, and these have to be 
pulled out to alter a signal or a pair of points, 
and pushed back to change the position again. 

Signals and points are operated by air 
compressed at 15 lbs. pressure, and admitted 
through a main pipe into the signal and 
point motors, the admission being controlled 
through valves moved by air conveyed in 
independent pipes at a pressure of 7 lbs. to 
the square inch. 

The general arrangement of an installation 
of this kind is shown in Fig. 14. There is a 
reservoir, X, from which a main pipe, Y, 
leads 15-lb. air to a point motor, C, through 
the valves R* and R’. These determine on 
which side of the piston of C the air shall 
act. Branches from Y take air also to valves 
under the slide L? and to valves R? and R’, 
by which it is admitted to cylinders I and I’. 

The slide has two parts—L and L?. When 
the handle is pulled forward into position 2 
(half stroke), pipe a is put into communica- 
tion with X, and the slot in 


L forces down the piston of I is — 
fi e 

to the same level as that of r. Preamatié 

The bottom corners of this System. 


slot being square, the slide is 

arrested at half stroke by the pin on the top 
of the right-hand piston rod. Meanwhile air 
travels through pipe a to R’, which opens 
to allow air from the main pipe, Y, to reach 
the motor cylinder, C, and press plate, M, 
towards the right. The left-hand slot in M 


RAILWAY 


pulls over the points SS; while tho right- 
hand slot operates valve D, and permits the 
air passing valve R° to traverse pipes y and v 
to valve R*. High-pressure air is thus given 
access to cylinder I’, presses its piston up 
(stage 3), and so automatically completes the 
stroke of the slide. 
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favour of mechanical signalling; whereas in 
America high wages and long distances be- 
tween stations have favoured automatic sys- 
tems, which there protect more than 10,000 
miles of track. 

The purpose of automatic signals is, of 
course, to replace the fixed signals operated 
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Fig. 14.—pIAGRAM OF LOW PRESSURE PNEUMATIC SWITCH AND LOCK MOVEMENT. 


We may notice that the completion of 
stroke cannot occur until the points have 
been shifted fully and locked. Also that the 
interlocking tappet rod, H, is raised or lowered 
by movements of the slide, L. During the 
reverse stroke of the slide the valves R* and 
R‘, and the pipes w and b (the last indicated 
by dotted lines), play their part. 


AUTOMATIC SIGNALLING. 


Automatic signalling is the operation of 
fixed signals by the trains themselves, quite 
independently of any human agency. The 
principle has been adopted more widely in the 
United States than in Great Britain or on the 
Continent of Europe, for reasons which are 
too technical to be given fully here.* Suffice 
it to say that on this side cheap labour and 
@ greater respect for safety have been in 


* Seo H. Raynar Wilson’s Power Ratlway Signalling for a 
detailed account. 


by hand from a signal box, and thereby save 
the cost of a box, locking frame, etc., and o 
signalman’s wages. 

For operating the signal arms compressed 
air (high or low pressure), electricity, and 
carbonic acid gas are variously used; but 
whatever be the power, electricity is employed 
to switch it on. 

Part of the essential equipment for auto- 
matic signals is the track electric circuit. 
The rails are bonded to their neighbours by a 
light iron or copper wire, except at the ends 
of the sections, where the adjoining rails have 
to be isolated by insulated joints, so that 
current may not flow from one section to 
another. 

In Fig. 16 we show two complete sections, 
over which the train is supposed to be moving 
from right to left. At the ingoing (right) end 
of a section is the signal guarding that section ; 
at the outgoing end is the battery which 
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and held off by the power em- 
ployed. If the track battery’s 
current fails, or is short circuited 


by a vehicle being left acciden- 
tally on the section, or if the 
signal motor gets out of order, 
the counter-weight puts the sema- 
phore to “ danger.” 

In Fig. 16 the train has passed 
off section 1; the current from 
battery B' circulates freely through 
magnet M’, and pulls the signal 
to “clear.” As soon as the first 
pair of train wheels entered sec- 
tion 2 the current from battery 
+7 7 a Ces B® was short cuircuited through 
lenis ae these wheels and their axle, the 

: ai magnet M® was de-energized, and 
the semaphore arm of signal 2 was 
released and went to ‘ danger.” 
As long as any wheels of the 
train are in section 1, that sec- 
tion is guarded by signal 1; but 
the moment the last pair leaves 
the section, that signal goes to 





i ** clear.” 
Fig. 15.—ELECTRO-PNEUMATIC SIGNALS AT WASHINGTON. se a el 
Observe that on some American railways a semaphore arm is raised above for any canada © train 
the horizontal to indicate “clear.” stopped immediately after the 


last pair of wheels had passed 


indirectly, through a power which it switches signal 2, it would, especially at night 


on, controls the signals. For convenience’ time, be very inadequately 

, ; ‘‘Overlaps.”’ 
sake we will suppose that the currents from protected, as the driver of a 
the batteries B, B', B® actually work the train behind might not realize its presence 
signals through magnets M', M*, which attract until too late; therefore the arrangement 
or release armatures attached by rod work shown in Fig. 16 is inadequate. On electric 
to the semaphore arms. lines, where no distant or warning but only 


Be it noted that a signal has to be pulled ‘‘stop”’ signals are used, provision is made 
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; a vertical position when the 
Fig. 17. signal is at danger, and lies 


whereby, though the signal guarding a section 
is put to “danger’’ immediately the train 
enters that section, the signal at the entrance 
of the section just quitted is not put to 
‘clear ” until the train has proceeded a certain 
distance into the new section. This distance, 
known as the “overlap,” is 400 feet on the 
Metropolitan and Tube Railways of London. 

The simple diagrams of Fig. 17 will serve 
to explain the use of the “overlaps” A, B, 
and C, which form part of sections 1, 2, and 3 
respectively. 

The portions of the track which are guarded 
by signals behind are in every case marked 
in full lines, and the “cleared” portions by 
dotted lines. 

Stage 1.—Train has passed overlap A. 
Signal 1 at danger. 

Siage 2.—Train enters second section. 
nals 1 and 2 both at danger. 

Stage 3.—Train passes out of overlap B. 
Signal 1 cleared; signal 2 at danger. At 
this point the train is most exposed—that is 
to say, it might be only just over 400 feet 
from the signal protecting it. 

Stage 4.—Train at farther end of overlap 
C. Signals 2 and 3 both at danger. The train 
is now in a position of maximum safety. To 
revert for a moment to stage 3. Let us sup- 
pose that one train has stopped just beyond 
the overlap, and that the driver of a train 
behind has failed to observe that signal 2 is 
against him, and overruns it. Then train 
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Fig. 18.—AUTOMATIC SIGNAL ON NORTH-EASTERN 
RAILWAY. 
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Fig. 19.—aUTOMATIC SIGNAL ON AN AMERICAN HIGH-SPEED INTERURBAN RAILWAY. 
ON THE SEMAPHORE INDICATES THAT THE SIGNAL IS AUTOMATIC. 


THE “LIVE” RAIL OF THE TRACK. 


down when the signal is cleared. Were a 
train to overrun a signal, a trip cock (C), 
attached to the leading car truck, would 





Fig. 20. 


strike the trigger, admit air to the train 
pipe, and apply the brakes in exactly the 
same manner as if the pressure were released 


WONDERS 





OF THE WORLD. 


THE POINT 
POWER IS OBTAINED FROM 


by means of the motorman’s valve or by the 
breaking in two of the train. Now, as the 
brakes are sufficiently powerful to pull up 
an olectric train in 400 feet, the overlap and 
its guarding trigger provide sufficient protec- 
tion to a train in the section beyond against 
a train overrunning from behind. 

On steam railways the overlap is increased 
from 400 fect to 400 yards ; and the automatic 
“stop ”’ signal at the entrance of a section is 
supplemented by a distant or 


warning signal at the entrance Automatic 

. Signalling 
of the preceding section. We on Steam 
would ask the reader’s atten- Railways. 


tion to Fig. 21. On each 

signal post are two arms—the upper (8S), a 
“stop; the lower (D), a “distant.” The 
signals are so interconnected electrically that 
each “stop” controls the “distant ’’ on the 
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post in the rear. Thus, D® can- aad ne i i 
not go to clear till S* has been : ia ron . vi a a 
cleared. Furthermore, a distant Me edense: he i----- {----e- wale ----: pela 
cannot be pulled off until the oe eas oe 
é 2 Sawaal ee im—=-—- ees na een cert © Sree eae en 
stop on the same post has . been Sr Ee Gi 
cleared, so as to avoid conflicting . oe __© Bee 
signals. The operation of the S* p? dsgo dats 
signals is explained by the six fy ~ =~ 2-7-2 22 - = +e -- noone Keen nnn 
stages of Fig. 21. s* 5 s* D* Sb 
Siage 1.—Train about to enter wae Sree renee we “Fo a is 
section 2. All signals clear. i 8, i Se . ae eee a 
Stage 2.—Enters overlap X. or a ote 
Signals S?, D® to danger. Fig. 21. 
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Fig. 22.—AN ELECTRIC TRAIN STAFF HOLDER. 
SS, STAFFS IN SLOT OF THE INSTRUMENT. 
Leaning against the side of the cabin is a staff showing 
the key K at the end for unlocking siding-points on the 
section, The engine-driver cannot remove the staff until 
the points have been locked again. 





Stage 3.-Enters section 3. Signals 8°, D* 
to danger; hold S? and D* at danger. 

Stage 4.—Passes out of overlap Y. 5S*, D* 
still at danger, but S* is cleared. D* remains 
at danger, being held by 8’. 

Stage 5.—Enters overlap Z. 
danger. Rear signals as before. 

Stage 6.—Passes out of overlap Z. S* is 
cleared and releases D*. (Train in position 
of maximum danger.) 


S‘, D® to 


CONTROL OF SINGLE LINEs. 


In the early days of railways, trains on 
single lines were worked to a programme 
which assigned certain places for trains to 
pass one another. If a train got behind time 
serious delays occurred, and the traffic was 
dislocated. An improved system therefore 
was introduced, whereby the line was divided 
into sections, to each of which was allotted 
a train staff bearing on it the names of the 
stations at both ends of the section. This 
had to be handed to the driver of a train 
as a sign of permission to enter a section, 
and surrendered by him at the other end. 
On lines where several trains might follow 
one another through a section, the staff was 
supplemented by tickets handed to the drivers 
of all but the last train, which carried the 
staff. The ticket-box being controlled by a 
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two is an even number. The system of 
working will be made clear by Fig. 24. 
Here we have four sections. Section 2 is 
controlled by the staffs in instruments B 
and B!, section 3 by those in C and C’: 
Trains T’, T? are travelling from right 
to left and from left to right respec- 
tively. On reaching station X, the driver 
of T’ hands over his A 
staff, which is inserted in 
instrument A. At the 
time of his arrival B contains 9 and B! 
contains 11 staffs (making 20 in all), so 
the signalman is able to remove a B staff 
and hand it over. T' proceeds, while 
another train following behind reaches X. 
This train is blocked, however, as the 
number of B staffs in the instruments is 
now only 19, and no more can be ab- 
stracted until T! delivers its staff at B’. 
The train T’, travelling from Z to Y, has 
blocked section 3. At station Y the two 
trains hand over their staffs, which put 
Fig. 23.—sIGNAL BOX AT EARL’S COURT EAST the B and C instruments “in step” 
STATION. : 
Sr teste ete aa bea esentenaseeace again, and clear sections 2 and 3. Con- 
14 I yamap on whic movements 0 ° 
signals and points are shown by electric lamps. sequently both trains are able to proceed. 
When T" has surrendered its C staff at 


key on the staff, in the absence of the latter C’', and T? its B staff at B, the road is clear 
no more tickets could be delivered. for T° following T' from X to Z. 

Delays often arose, however, from trains The number of staffs assigned to each 
having to wait for the return of the staff; section is sufficiently great to allow several 
and this led to the introduction of the Electric trains to pass in the one direction without 

_ Tablet, and subsequently the exhausting the supply, even if none are 

Panera hs Electric Train Staff System. returned by trains moving in the opposite 

At each end of a block section direction. It should be added that the signal 
is provided an instrument into which a con- boxes where the instruments are placed have 
siderable number of the staffs 
or tablets belonging to that stage Secintn.. SWZ Section SAMY Section | Dee Sear! 
section, and that section only, ele ere) wer 


may be inserted. The two in- go... gpg Oa pg sg gp 


struments are electrically con- 
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Working a 
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the sum of the staffs in the Fig: 24: 
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telegraphic communication with one another, 
and that the signalmen at the ends of a 
section must co-operate before a staff is 
withdrawn, even if the number of staffs in 
a pair of instruments is even. This com- 
bination of human and mechanical control is 
necessary for the convenient regulation of 
traffic. 





Fig. 25.—RAMP (R) FOR OPERATING AN AUTOMATIO 
AUDIBLE SIGNAL IN CAB OF LOCOMOTIVE. 


A System or AUDIBLE SIGNALLING. 


A distant signal is essentially a warning 
signal, as contrasted with the “home” and 
** starting ’’ signals, which must not be passed 
when at danger. The interlocking gear of a 
signal box is so arranged that a distant cannot 
be cleared until its home and starting signals 
have been cleared also. 

An engine-driver, on seeing a “ distant ” 
against him, would continue his course, merely 
reducing speed and preparing to stop his 
train at the home signal. By day a 
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Fig. 26.—vVIEW OF REAR PART OF LOCOMOTIVE, 
SHOWING CONTACT SHOE AND BATTERY FOR 
OPERATING WHISTLE. 


‘distant ” is distinguishable by the “ fish- 
tail”? notch cut in the end of the arm; but 
at night the same colour indication is given 
by all signals, so that a driver may mistake 
a distant for a stop signal, or vice versd. In 
a dense fog signals become obscured, and 
special detonating fog-signals, laid on the 
line by men detailed for the purpose, are 
necessary. 

In order to overcome the difficulties arising 
from darkness and fog, a new device has been 
tried on the Great Western Railway. Its 
essential features arc—(1) It gives the driver 
& positive distant signal indication, which 
cannot be disregarded; (2) it is equally 
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Fig. 27.—cAB INDICATOR, WHISTLE, AND BELL. 





Fig. 28.—GENERAL VIEW OF LOCOMOTIVE CAB, 
SHOWING AUDIBLE SIGNAL APPARATUS (A) IN- 
STALLED. 


efficient in fair and foggy weather ; (3) In the 
event of any part of the mechanism failing, 
the danger signal would be exhibited. 

The “ engine-driver’s cab signal ”’ or 
dible signalling system,” as it is variously 
called, provides in the cab of the engine an 
instrument on which are mounted an electric 
bell and a steam whistle (Fig. 27). In one 
side is a window at which a red or a white 
signal shows. Should the “distant” be at 
danger when the engine passes, the red signal, 
bearing the word “ Danger,” appears at the 
window, and the whistle blows, and continues 
to blow until stopped by the driver; if 
cleared, the safety indication appears, and 
the electric bell rings until switched off. So 
that in either case an audible as well as a 
visible signal is given. 
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These operations are effected by the passage 
of a shoe on the engine over a curved ramp, 
about 60 feet long, placed on insulating 


. supports between the two rails of the track 


near the distant signal. The ramp is con- 
nected by electric wires to the signal cabin, 
where is a battery of several Leclanché cells 
in circuit. The signalman closes the circuit 
when he moves his lever to “clear,” and 
breaks it when he returns it to the “ danger ” 
position. 

On the engine is another battery, which, 
under normal conditions, energizes a magnet 
which keeps the steam whistle silent. If the 
shoe (referred to above) be lifted half an inch, 
this “local ” circuit is broken, and the magnet 
releases its hold. The whistle sounds, and 
the visible danger signal is given in the cab. 
Also an electric relay is brought into action 
to keep the circuit permanently broken until 
closed by the driver. 

Should the signal be at “safety,” the 
engine shoe, on passing over the ramp, will, 
besides breaking the local whistle circuit, 
complete an electric circuit, including the 
signal box battery and a second whistle 
magnet, so providing power to keep the 
whistle valve closed. At the same time a 
relay closes a separate bell circuit, and causes 
the appropriate sound signal to be given and 
the visible safety signal to appear at the 
indicator. Another relay keeps the bell cir- 
cuit closed, so that the bell may continue 
to ring until it is stopped by the engine- 
driver, 

There can be little doubt that the audible 
signal apparatus is an efficient substitute for 
distant signals, or an admirable adjunct 
thereto—in each of which capacities it may 
be used—and should prevent effectually the 
disregard or disobservance of signals by 
engine-drivers, and in foggy weather render 
unnecessary the employment of fogmen at 
distant signals. 





THE ROTARY AT WORK ON A HEAVY GRADE IN DEEP SNOW. 


RAILWAY SNOW-PLOUGHS. 


N countries where severe snowstorms are 
of rare occurrence, and where the average 
snowfall is of but moderate depth, the 

wedge-shaped plough, propelled by two or 
more locomotives, usually suffices to clear 
snow from a railway track. But if deep 
drifts form they have to be charged repeatedly, 
and it sometimes happens that plough and 
locomotives get stuck, and must be dug out. 
On many lines of the United States, es- 
pecially on the mountain sections, the type 
of plough just referred to would be quite 
unable to cope with the drifts which must 
be penetrated again and again in the winter, 
and have a foundation of hard-packed icy 
snow. Necessity, the mother of invention, 
produced, in the late ‘eighties, the now world- 
famous rotary snow-plough, so designed as to 
eat its way steadily through a drift, much as 
an auger penetrates wood, and to rid itself 


of its take continuously by centrifugal force. 
(1,408) 


16 


By the courtesy of the American Locomotive 
Company we are able to reproduce some 
excellent illustrations of the rotary at rest, 
to show its design, and engaged in fighting 
the snow. 

The plough, mounted on two four-wheeled 
bogie trucks, consists of two main elements : 
the boiler (of locomotive type) and ‘engine 
(reversible); and the cutting-wheel, driven 
through the medium of bevel gearing. 

The wheel is composed of ten hollow cone- 
shaped scoops, perfectly smooth inside, so as 
to afford no lodgment to snow. Each scoop 
has an opening along its front side. Knives 
are hinged one on each side of the opening, 
and, as will be gathered from the illustration 
on page 242, each knife is connected by a 
bar to its near neighbour on the next scoop. 
This arrangement brings into action auto- 
matically in each scoop that knife which is 
required to do tho work; as those knives 
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A SNOW-PLOUGH USED ON THE NORTH-EASTERN 
RAILWAY. 


This type is generally employed in Great Britain. 
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The snow cut from the drift face is whirled 
round in the scoops, and pressed by centrif- 
ugal force against the casing, from which it 
can escape only through a shute in the top 
of the drum. This shute has an adjustable 
cover, which is turned to suit the direction 
in which the wheel is revolving. The circum- 
ferential speed of the wheel sometimes attains 
fifty miles an hour, and the snow is under 


“such conditions projected with a force suffi- 


cient to fling it over good-sized trees standing 
well back from the track. 

Very important features of the plough are 
the ice-cutters and the flangers. The first, 
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A ROTARY SNOW-PLOUGH, WITH CAB IN POSITION. 


naturally stand out which face the snow, and 
in so doing force their respective partners 
towards the body of the wheel. In principle 
each scoop of the wheel closely resembles, 
on a huge scale, a pencil-sharpener. En- 
casing the wheel is a drum with a square 
front or hood. At the bottom the hood 
projects slightly beyond the face of the wheel, 
but at the centre of the wheel the knives 
meet the snow first. 





THE 
SCOOP 
WHEEL. 





RAILWAY SNOW-PLOUGHS. 





- ag 


ROTARY WITHOUT HOUSING, SHOWING BROILER AND 
MACHINERY. 


placed in front of the leading wheels, consist 
of two parts—the wing, to clear the top of 
the rail; and the cutter, to make a path 
for the flanges of the track-wheels. The 
flangers, mounted behind the front bogies, 
are scoop-shaped, and clear the angles which 
the circular cutter-wheel cannot reach. These 
accessories are raised and lowered by com- 
pressed air or steam. 

The body of the plough is covered by 
&® spacious cab, containing a compart- 
ment in front of the boiler for the pilot, 
and another at the rear for the engineer. 

The plough is moved by one or more 
powerful locomotives, according to the 
physical conditions. When leaving for 
the scene of action the pilot sees that. 
the flangers are raised, and has the wheel 
started. Fifty feet from the drift he 
drops the flangers, and signals to the 
rotary engineer to increase the speed of 
the cutter to about 150 revolutions per 
minute; and just before the bank is 
struck he orders the locomotive driver 
to quicken up. If he finds that the 
rotary cannot stand the full power of 
the pusher, he signals to that effect. 
Should the feed prove too great, he ap- 
plies the air brakes; and if this does not 
suffice, has the pusher slowed. The cutter 
is slowed when the drift has been almost 
penetrated, and is brought to normal 
speed as soon as out of the bank. 

In an exceptionally deep drift it may 
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be necessary to shovel off the top snow down 
to the level of the hood, and to back the 
rotary out to clear the scoops. 

The first rotary ever built was used on the 
Union Pacific Railway in 1887 to raise block- 
ades which had baffled the staff for weeks. In 
February of that year the plough ran more 
than 3,000 miles, and forced its way through 
snow fifteen feet deep in places. Its success 
and economical working led to a number of 
similar machines being commissioned. Next 
winter they attacked the snow at many 
points. One of the most noteworthy feats 
they accomplished was the clearing of the 
Northern Pacific track in the Cascade Moun- 
tains. The road had been blocked com- 
pletely for nine days previously to the arrival 
of the rotary ; and the difficulties to be over- 
come were further increased by the temporary 





IN THE TRACK OF THE ROTARY, 
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THE ROTARY OPENING UP A OUT. 
THE ROTARY ENTERING A CUT. 


switchback thrown across the range for opera- 
tion during the construction of a tunnel. On 
this part of the line 4 per cent. grades and 
sharp curves were numerous, and drifts had 
accumulated to a depth three or four times 
that of the rotary. This last fact made it 
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necessary to advance the plough a few feet, 
and then withdraw it and allow snow to 
slide into the cut before attempting another 
attack. After a leg of the switchback had 
been cleared the rotary had to be taken tc 
the foot of the mountain, and headed by a 
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turntable in the right direction for clearing 
the next leg. Despite these difficulties, how- 
ever, the entire switchback was cleared in 
little more than nine hours, and kept open for 
two days by the single machine. Then a 
second arrived, and for the rest of the winter 
a string of four heavy engines, armed at each 
end with a rotary, continued the work so 
effectively that not a single train was stalled. 

In view of these facts it is not surprising 
that many American, and some European, 
lines which have to fight snow on a big scale 
should have adopted the ingenious though 
simple machine which forms the main sub- 
ject of this article. The difficulties of its 
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THE PRINCIPLES OF THE ORDINARY STEPHENSON- 
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CUTTING THROUGH DRIFTS ABOVE THE TOPS OF 
THE CARS. 


task, and the success with which it over- 
comes them, will be conveyed to the reader 
by our striking illustrations. 


Position of » Crank 


DIAGRAM TO SHOW 


FE}, E?, eccentrics; R', R*, eccentric rods; L, link; B, block 
sliding in link and attached to the end of rod which moves in 
guide, G, and actuates slide-valve, V; P, piston. It will be 
noticed that the raising or lowering of the link alters the posi- 
tion of the slide valve relatively to the steam and exhaust 


(central) ports. 


Vacuum Chamber 





(Vacuum) 











Rod working 
rake -levers 


> 


Fig. 1.—sSECTION OF VACUUM BRAKE, CYL- 
INDER, PISTON, VALVES, ETC. BRAKE 
OFF. 


RAILWAY 


HE remarkable freedom from serious 

accident and loss of life which dis- 

tinguishes modern railway working 

is due not less to the efficiency of the auto- 

matic brakes fitted to rolling-stock than to 

the perfection of signalling apparatus and 
organization. 

At the present day one or other of two 
systems is used on practically all automatic- 
ally-braked wagons and coaches. These are 
known as—(1) the Vacuum Automatic, using 
the pressure of the atmosphere on one side 
of a piston from the other side of which 
the air has been exhausted mechanically ; 
and (2) the Westinghouse Automatic, using 
compressed air. In both cases the mechanical 
arrangement ensures that the brakes (a) must 
be kept “off” artificially; (6) shall apply 
themselves automatically should the train 
part by accident; (c) can be applied with 
greater or less force- as circumstances may 
require. | 

The action of the two systems will be 
explained as simply as possible. To begin 
with 
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Fig. 2.—sECTION OF VACUUM BRAKE, 
CYLINDER, ETC., WITH BRAKE ON. 


BRAKES. 


THE Vacuum AvToMaTIC BRAKE. 


Under each carriage is a vacuum chamber 
(shown in section in Figs. 1 and 2), riding 
on trunnions, EE, which are able to swing in 
sockets attached to the body of the vehicle. 
Inside this is a cylinder, the upper end of 
which reaches almost to the top of the cham- 
ber. A long piston, rendered air-tight by a 
rubber ring rolling between it and the cylinder 
walls, works up and down in the cylinder, 
carrying with it a piston rod, which projects 
through an air-tight stuffing-box in (he bottom 


of the casing, and operates the b_ ‘e rods. 
It is obvious that, if air } exhausted 
from both sides of the piston, ec last will 


sink to its lowest position (as se 1 in Fig. 1) 


by reason of its own weight and that of its 
attachments. If air be admitted below the 
piston, the piston will be pushed upwards 
with a maximum pressure of 15 lbs. to the 
square inch (Fig. 2). The ball valve ensures 
that, though air can be sucked from both sides 
of the piston, it can be admitted to the lower 
side only. 


RAILWAY BRAKES. 


All the brake cylinders are connected by 
flexible hose pipe to the train pipe, which 
runs from the engine to the rear guard’s van. 
On the engine is an air ejector, 
the principle of which is ex- 
plained by a simple diagram (Fig. 3). Steam 


Air Ejector. 


: Steam 
~ Ll << . —~ Steam ae 


Pipec 







Vacuum 
Created here 


Air from 


Train Pipe 
Fig. 3. 


from the boiler enters by pipe C, and issues 
through a nozzle, B, into a larger nozzle, 
wherein the velocity of the moving steam 
creates a vacuum. Air rushes in from the 
train pipe through D until the pipe is entirely 
exhausted, or so far exhausted as slight 
leakage at joints in the pipe permits. The 
ejector actually used consists of two ejectors, 
known as the “large”? and the “ small,”’ the 
second being placed insido the first. The 
small ejector is worked continuously, the 
large one only when it is necessary to release 
the brakes quickly. 
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the under side of a brake piston through the 
pipe D (Fig. 1), and from the space AA 
and the upper part of the cylinder through 
the channel C, the ball valve keeping open 
until exhaustion is complete or the pressure 
the same on both sides of the piston, when 
the bail falls back on to its seat. 

When air is admitted into the train pipe, it 
rushes into space B unchecked, but is pre- 
vented by the ball from reaching AA. Con- 
sequently a strong upward pressure is ex- 
erted on the under side of the piston, and 
the brake goes on (Fig. 2).- As the largest 
brake pistons have an area of some 340 square 
inches, a difference of 10 lbs. per square 
inch between the pressures above and below 
a piston of that size gives a direct pull of 
about a ton and a half. A suitable arrange- 
ment of levers (see Fig. 4) increases this pull 
ten times at the brake blocks. 

On a very long train the destruction of the 
vacuum in the train pipe by admitting air 
from one point only would 
not be effected quickly enough oe 

Valve. 
to meet sudden emergencies. 
In the guard’s van there is installed an in- 
genious automatic valve (Fig. 5), which can 





Brake Shoe 


ma 


Fig. 4.—ARRANGEMENT OF CYLINDER, LEVERS, RODS, AND BRAKE SHOES ON PASSENGER COACH. 
The arrows show direction in which the rods move to apply brake. 


When a train has to be restarted after a 
stop, the driver, by means of the ejector, 
draws the air from the train pipe and vacuum 
‘chambers. The air is sucked directly from 


be opened at any time by pressing down a 
lever, E, but which opens of itself when the 
train pipe vacuum is destroyed rapidly. Seated 
on the top of an upright pipe is a valve, A, 
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connected by a bolt, B, to an elastic diaphragm, 
C, sealing the bottom of the chamber D. A 
very small hole pierces B axially. When the 
vacuum is broken slowly, the pressure falls 
in D as fast as in the pipe; but a sudden 
inrush of air causes A to be pulled off its 
seat by diaphragm C, above which the vacuum 
has not been broken to any appreciable 
extent. Air is thus given free access to the 
train pipe until 
the pressure in 
the last is that 
of the atmos- 
phere, then the 
valve returns to 
its seating. 

To hasten ap- 
plication of the 
brakes still fur- 





ther, a rapid-act- Fig. 5 al 
ing valve may = 
be fitted to every a, 
coach. Fig. 6 = 


gives sections of 

such a valve. It contains a 
hinged clappet, A, communi- 
cating with the outer air, and 
a valve, B, the stem of which, c, is attached 
to a rubber diaphragm, 6b. Between the fixed 


Rapid-acting 
Valve. 
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peg a and the walls of c there is an annular 
passage, through which air can be admitted 
to the brake cylinder in quantities sufficient 
for ordinary applications of the brakes. 


_ driver applied 


SN! 
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- When an emergency application is needed, 
air is admitted suddenly to the train pipe, 
and thus to the under side of valve B. 
This causes B to rise and allow air to pass 
full bore past A to the brake cylinder and 
train pipe, as shown in the diagram on the 
right. As soon as the brake is “ full on” the 
valves resume their normal positions. By 
means of the lever with a hooked end the 
clappet can be held down, so as to make the 
brake “ ordinary ” instead of “rapid acting.” 
The efficiency of the valve and brake is shown 
by the following figures relating to a test 
made with a freight train composed of one 
engine, twenty 30-ton bogie wagons, and a 
10-ton van, having all wheels braked except 
those of the van, and weighing in all 380 tons 
6 cwt. The length of brake piping was 1,053 
feet, or about one-fifth of a mile. 

On a down grade of 1 in 125 the train, 
travelling at 35 miles an hour, was brought 
up in 150 yards from the spot at which the 
the brakes. 

Time occupied in stopping, 

25 seconds. At 40 miles an hour, on the 
same gradient, the distance and time of 
stopping were 260 yards and 26 seconds 
respectively ; at 32 miles per hour on an up 
grade of 1 in 185, 133 yards and 19 seconds 
respectively. It should be 
added that with loose coupled 
wagons the stop must be 
“smooth,” and therefore re- 


Tests. 


quires a greater « ance than 
would suffice fora se-coupled 
passenger train of ual weight. 


THE WESTINGHOUSE AIR 
BRAKE. 


This apparatus is somewhat 
more complicated than that just 
described—too complicated, in fact, to explain 
here in detail. We therefore have recourse to 
a few diagrammatic sketches which will make 
clear the general principles of the brake. 


RAILWAY BRAKES. 





Fig. 7.—VACUUM BRAKE CYLINDER, EXTERIOR VIEW. 


On the engine is a steam-driven, double- 
acting air-pump, which compresses air into 
a reservoir situated below the engine or 
tender, and maintains a pressure of about 80 
to 90 lbs. to the square inch in it, as well as 
in the train pipe and in reservoirs installed 
under the coaches. To reach one of the 
latter reservoirs the air must pass through 
a, triple valve. This valve puts a coach reser- 
voir in connection with the train pipe when 
the pressure in the first is less than in the 
last, but, when the pipe pressure purposely 
or accidentally falls below that in the reser- 
voir, admits the reservoir air to the brake 
cylinder, until the pressure equilibrium has 
been restored. Tho force with which the brake 
is applied increases with the reduction of 
pressure in the train pipe. 

Fig. 8 is a diagrammatic representation of 
a triple valve. At the bottom is a cylinder, 
in which moves a piston. A piston rod, P.R, 

embraces a slide valve, VVV 


= bad (shown in solid black), pierced 
eis . 4 with several ports, a, 0}, 2, 


and y. Ports a and 6 are in 
communication with each other. Projecting 
from the piston rod is a small “ graduating 
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valve,” V’, which, when open, allows air to 
pass from the valve chamber through a hole 
in the body of the slide valve to ports y and =. 

It should be mentioned that at the top of 
the cylinder is a groove, G, cut in the walls, 
through which, when the piston is at the top 
of its stroke, air can pass the piston into the 
valve chamber, and so reach the reservoir ; 
also, that the piston rod can move some 
distance up or down without affecting the 
slide valve. 

In Fig. 8 the piston and valve are seen in 
their ‘charging reservoir” positions. Air 
from the main pipe is passing the piston by 
groove G, and the slide valve has been pushed 
full up so that @ and b come opposite ports 
a' and b', and open the brake cylinder to the 
outer atmosphere. As soon as the reservoir 
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Fig. 8. 
is fully charged the piston sinks a little, past 


groove G, and draws with it the valve V’. 
If the pressure on the train pipe be now 
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slightly reduced, the piston is pushed further 
down by the higher pressure of the reservoir 
air, VVV moves until y comes opposite a, 
and ports a' and bd! are closed. Air passes 
by V® and through pipe C to the brake 
cylinder. This reduces the pressure on the 
upper side of the piston, which moves up- 
wards, closing V’, but not shifting the main 
valve, and the brakes are held on gently. 

A decided reduction of train pipe pressure 
draws VVV down till z is opposite a; a 
full reduction pulls the slide quite clear of 
a’, so opening the brake port a’ full. The 
brakes go hard on. 

To release them the pressure must be 
restored in the train pipe by admitting air 
from the engine reservoir and pump. The 





Fig. 9. 


valve piston rises, first closes V’, 
and then pushes up the slide valve, 
so connecting the brake reservoir 
with the train pipe through groove 
G and the brake cylinder with the exhaust 
through a’, a, b, b': the brakes fall off. 

The operations of charging reservoirs and 
applying the brakes are shown graphically 
by Figs. 9 and 10 respectively, wherein, for 
simplicity’s sake, the triple valve is replaced 
by a four-way cock. These diagrams explain 
themselves. 

In the Westinghouse system the rapid-acting 
valve of the vacuum brake has its counter- 
part in the rapid-acting triple valve. The 
principle of this is, briefly, as follows :—An 
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emergency application of the brake not 
only connects reservoir and brake cylinder in 
the manner described above, 
but also opens a secondary 
valve, which allows air to flow 
directly from the train pipe to the brake 
cylinder. The valve remains open until the 
pressure in the brake cylinder is the same 
as that in the train pipe, when it closes, 
preventing a return of air to the train pipe. 
This system has the double advantage of 
using the train pipe air in the brake cylinders, 
and of so accelerating the fall of pressure in 
the pipe, and, consequently, the action of the 
ordinary triple valve, as to ensure practically 
simultaneous action throughout trains of 
almost any length. 

The air-pump of the Westinghouse 
brake is controlled automatically by 
a governor attached to the steam 
pipe leading from the 
boiler to tho steam 
cylinder of the pump. 
An excess of pressure in the reservoir 
opens a port, which admits compressed 


Rapid-acting 
Triple Valve. 


The Air- 
Pump. 





air to a little cylinder, and .orces down a 
piston carrying the steam valve at its lower 
end. The depression of this valve on to its 
seating cuts off the steam. After an application 
of the brakes and a reduction of reservoir pres- 
sure, the port referred to is closed, the air 
escapes from the cylinder, and the steam valve 
opens again and starts the pump. On 
electric railways an electric air-compressor, 


RAILWAY 


the motor of which is thrown in or out of 
action by the decrease and increase of pres- 
sure, replaces the steam-pump. 


SLIPPING COACHES. 


Before a coach is slipped from the rear of a 
train, the taps on each side of the coupling 
joint of the train pipe must be turned off 
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by the guard in the “slip,” and the joint be 
uncoupled. Special reservoirs under the “slip ” 
enable the guard to reduce or increase the 
pressure in the train pipe (according to the 
system employed) if, after the slip has parted 
from the train, he finds that he has applied 
his brakes too hard and desires to release 
them. 


DIAGRAM TO SHOW THE PRINCIPLE OF THE 
JOY VALVE GEAR. 






Quadrant Guide tilted on 


xed Pivot cor 
Engine . 
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This gear, which is used extensively for locomotives on the London and North-Western, North- 


Eastern, and Lancashire and Yorkshire Railways, includes no eccentrics. 


Motion is imparted by the 


connecting rod, through a series of links and levers, to a block which is pushed up and down in a 
curved pivoted guide held in any desired position by the reversing lever. To the block is attached 
a radius rod which directly operates the valve rod. When the guide is tilted, as sbown in the 
diagram, the movements of the block affect the valve rod, as A is nearer the valve chest than is B. 
To reverse the engine, the guide is tilted over in the opposite direction, and to obtain “ mid-gear ” 
set. vertically. Under the heads of simplicity, efficiency, and lightness, the Joy gear has much to 
recommend it. 
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A HYDRAULIC WHEEL 
PRESS. 
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PRESSING WHEEL ON TO AXLE. 






(By permission of Messrs. Henry Berry and 
Company, Leeda.) 
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(Photo, The Niles Bement Pond Company.) 


The illustration shows a hydraulic wheel 
press for forcing wheels on to and off their. 
axles. The press gives a maximum effort of 400 tons, and will deal with wheels 
up to 7 feet in diameter. The diagrams show how a wheel press is used. 


PRESSING WHEEL OFF AXLE. 
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Fig. 1.—A PLATE CURVED TO FORM A COMPLETE 
BOILER RING, BY BEMENT BENDING ROLLS. 
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Curves of any required diameter, within certain limits, 
are obtained by adjusting the top roll relatively to the two 
bottom rolls. The ring shown is 7 feet 8 inches wide and Fig. 2.—DIAGRAM TO SHOW HOW THE RIVETS AT 
75 inches in diameter. The bottom rolls are 18 inches, the DIFFERENT PARTS OF A BOILER ARE CLOSED BY 
upper rol] 20 inches in diameter, and 16 feet long between ‘ 
housings. The operation is completed in about thirty soi tae ase Te 
minutes. (Photo, Niles Bement Pond Company.) (By permission of Messrs. Henry Berry and Company, Leeds.) 
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Fig. 1 —THE NORTH-EASTERN RAILWAY DYNAMOMETER CAR. 


S, end of cross springs through which the tractive pull is transmitted to tho car. 


W, wheel for measuring speed 


and imparting motion to certain apparatus in the car. 


A RAILWAY DYNAMOMETER CAR. 


HE ever-increasing need for efficiency 
and economy in railway working de- 
mands the collection and co-ordina- 

tion of facts and figures whereby the behaviour 
of locomotives and rolling-stock under varying 
conditions may be recorded scientifically. 
Hence the introduction of the dynamometer, 
or poOwer-measuring, car, equipped with a 
whole battery of apparatus, which shows, by 
means of gauges and lines drawn on paper, 
the degree of forces, speeds, and other matters 
under consideration. 

By the courtesy of Mr. Wilson Worsdell, 
chief mechanical engineer of the North-Eastern 
Railway, we are enabled to give some inter- 
esting views and details of the dynamometer 
car used on that railway system. 


The body of the vehicle is built on a steel 
under-frame, shaped to take a special spring 
extending right across the middle of the 
carriage. This spring is made up of thirty 
very carefully selected and tested steel plates, 
separated by rollers, which minimize fric- 
tion. The buckle which encompasses them 
all at the centre is attached to the draw- 
bar, whereby motion is imparted to the car 
by the locomotive. To the top of the buckle 
is affixed a large bracket projecting upwards 
through an opening in the floor of the car. 
This bracket is marked B in Fig. 2, which also 
shows the stylographic pen P, moved by a 
horizontal arm attached to the upper end of 
the bracket. The paper roll over which the 
pen works is; caused to travel by druma 


254 





Fig. 2.—1INTERIOR VIEW OF THE CAR SHOWING B, A BRACKET PRO- 
JECTING UPWARDS FROM THE DRAWBAR SPRING AND OPERATING P, 
W IS THE WORK-RECORDING MACHINE. 


A STYLOGRAPHIC PEN. 


geared to a measuring wheel, which rolls on the 
rail, and can be lowered or raised from within 
the car at will. This measuring wheel is shod 
with a very hard steel tyre to minimize wear, 
and is accurately ground to make a certain 
number of revolutions per mile. 
Pressure on the drawbar 
moves the pen sideways across 
the paper, so that the dis- 
tance between its line and that 
given by a second and fixed 
pen (the datum line) fluctuates 
proportionately to the inten- 
sity of the drawbar pull. The 
speed of the train at any move- 
ment is shown in front of the 
operator by a pointer on a dial 
(see Fig. 3). A permanent 
speed record is provided by 
a clock and electric pen me- 
chanism, which makes a mark 
on the travelling roll of paper 
every two seconds or every 
half-second, according to the 
nature of the experiment, As 
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the roll moves at a speed pro- 
portionate to that of the train, 
the higher the velocity the 
further apart are the marks. 
By means of a special scale the 
exact speed can be read off. 
There are several of these elec- 
trically-controlled pens which 
can be used for a variety of 
purposes. 
To obtain records of work 
ca done the factors of distance 
_ travelled and drawbar effort 
must be multiplied together. 
This is performed by the very 
ingenious machine (W, in Fig. 
2) seen to the right of the car. 
It consists of a horizontal cir- 
cular table driven by the rail 
wheel, and of a small wheel 
mounted vertically in a frame above this table, 
so that its edge bears against it. The frame is 
connected with the drawbar spring, and is free 
to move across the horizontal table from centre 
to edge in a direction parallel to the axis of the 
vertical wheel. Owing to this wheel being in 





Fig. 3.—ANOTHER INTERIOR VIEW, SHOWING DP, THE DIAL RECORD- 
ING THE DRAWBAR PULL, AND S, THE SPEED-INDICATING DIAL. 


A RAILWAY DYNAMOMETER CAR. 


contact with the horizontal table, it will be 
caused to revolve when in any other position 
than the centre. It will be seen that the 
number of revolutions of the small wheel de- 
pends on two factors—namely, the number of 
revolutions of the horizontal table, which is 
proportional to the number of feet moved by 
the train, and its distance from the centre of 
the horizontal table, which is proportional to 
the pull on the drawhar ; its revolutions are 
therefore proportional tc the foot-pounds of 
work given out at the drawbar. The revolu- 
tions of this wheel are recorded on the travel- 
ling roll of paper by the aid of one of the 
pens previously mentioned. 

The total work is also registered by elec- 
trical means on a train of dials. 

So far the tractive effort only has been 
considered. To give value to “ work ” records 
certain particulars about the locomotive’s be- 
haviour must be known. An indicator records 
continuously the pressure in the steam chest. 
The last is connected with the indicator by 
& pipe, which transmits the pressure to a 
cylinder operating a pencil that marks a 
slowly rotating drum. Other apparatus 
records furnace heat, the draught pressure 
in the smoke-box, the position of the re- 
versing lever, the direction and velocity of 
the wind. By co-ordinating all the data 
thus obtained, and comparing the fuel and 
water consumption with the work given out, 
the total efficiency due to any change of 
design can be estimated. 

For brake tests a frame supporting three 
indicators can be fixed on the existing in- 
strument table, and the pressures in the 
brake cylinder, auxiliary reservoir, and train 
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Fig. 4.—DRAWBAR SPRING BEING TESTED BY 
WEIGHTING IN THE WORKSHOPS. 


pipes thus recorded. The car is also of use 
for finding the sighting point of a signal, or 
the distance between two points, an electro- 
magnetic pen controlléd by the observer 
marking the positions on a travelling roll of 
paper. In a similar way, with the aid of 
the clock beating two seconds, the time lost 
by speed limitations can also be determined. 
In short, any information likely to be of value 
in connection with locomotives and_ rolling- 
stock may be obtained with this car. 
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Sale i. rn SMOKE SCHMIDT'S SMOKE-TUBE 
Zz. SUPERHEATER. 


Superheating signifies the heating of steam 
out of contact with water, and increasing its 
temperature without increasing its pressure in 
the same proportion. Superheating vaporizes 
any watery particles carried in the steam, and 
produces a true gas. The advantage of using 
very hot steam—up to 660° Fahrenheit—is 
that condensation and loss of volume caused 
by contact with the cylinder walls is lessened, 

DIAGRAMS TO SHOW THE ARRANGEMENT OF and the steam can be used profitably with 
SCHMIDT'S SMOKE TUBE SUPERHEATER. higher expansion ; so that superheating effects, 
in a different way, the same purpose as 
‘“compounding ” (passing the steam through two or more cylinders of increasing bore). The 
most widely used superheating apparatus is that illustrated above. On the way from the 
boiler to the cylinders the steam is led through tubes situated in specia] large smoke tubes or 
flues. The hot gases traversing the large tubes give up some of their heat to the water 
surrounding the tubes, and some to the steam inside the superheater tubes. The flow of heat 
through the large tubes is controlled by dampers hinged or pivoted below the steam collector 
in the smoke-box. The dampers are operated by a steam cylinder which opens them when 
the regulator is opened, and vice versd. This prevents the superheating pipes from being 
unduly heated at any time. 

Tests have shown that a large increase—from 30 to 50 per cent.—of hauling power is 
effected by locomotives using highly superheated steam as compared with locomotives using 
saturated steam, the amount of coal consumed being the same in both cases; also that water 
is greatly economized. Superheating has proved so successful that it is already a formidable 
rival, as well as ally, to compounding. 





DIAGRAM TO SHOW THE PRINCIPLE OF THE WALSCHAERT 
VALVE GEAR. 







Quadrant rocked on 
Central Pivot by 
Eccentric Rod 
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As several references have been made on previous pages to this gear, which is now used widely on 
the Continent, in America, and eleewhere, a short description of its action will be interesting. The 
travel of the valve is the result of two movements combined—that of the cross-head, and that of an 
eccentric arranged usually at right angles to the crank. Reversal of the engine is effected by lifting 
or lowering the radius rod and the block attached thereto. If the last is in an oblique position, the 
position of the valve is altered. The gear is particularly suitable for locomotives with outside cylinders, 
On such the eccentric is usually replaced by a return crank attached to the end of the crank pin. 
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PREPARING TO JOIN UP A BRIDGE SPAN. 
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Fig. 1.—THE WILLIAMSBURGH BRIDGE. 


BY F. E. 





(Photo, Irving Underhill.) 


SCHMITT, 
One of the Editors of “ Engineering News.” 


The following article will be of exceptional interest to readers who were pre- 
viously unaware of the rapid progress made recently in solving the transport 
problems of the greatest bridge city in the world. The three largest suspension 
bridges yet built span the East River, and together with a huge cantilever bridge 


afford a spectacle such as is not to be seen elsewhere. 


The spinning of suspension 


bridge cables is described here in considerable detail. 


VERY one knows that the rise of the 
3 constructor, the engincer, is an inti- 
mate part of the progress made during 
the modern era. Bridge-building perhaps 
brings the engineer’s work most directly before 
the public eye ; and in bridge-building also are 
some of his greatest achievements, of which 
America’s metropolis and gate of entry, New 
York, presents a surpassingly fine picture. 
Within this city’s bounds are contained more 
and greater wonders of the bridge engineer’s 
art than in any other region of cqual size on 
the face of the globe—a surprising statement, 
it may be, but true. 
Paris excels, perhaps, in the grace and beauty 
of its many bridges; Niagara Falls has no 
superior in the aspect of grandeur of its steel 


networks arching high over the turbulent 
(1,408) ; 


17 


flood in the cafion below; yet the suprem- 


acy of New York is not threatened. One 
needs but to look upon the 
busy shipping of the broad A City 
of Great 
East River, upon the immense ; 
Bridges. 


span of the Brooklyn Bridge 

roadway hanging from wire meshwork draped 
over great stone towers, and upon the dense 
throng of human traffic that crowds the 
bridge at every hour, to become fully im- 
pressed with the vital importance of the 
problem here presented to the engineer, and 
with the genius of its solution. A glanee 
up the river shows two younger but no less 
remarkable bridges; while the fourth of the 
family—the most graceful and perfect we 
may hope—is seen still incomplete, the 
erectors busily SHERERE: in adding piece by 
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Fig. 2.—8KETCH MAP OF NEW YORK, SHOWING POSI- 
TIONS OF BRIDGES CONSTRUCTED, IN COURSE OF 
CONSTRUCTION, AND PROPOSED ; ALSO POSITIONS 
OF TUNNELS (BROKEN LINES). 


piece to the strength on which future genera- 
tions will rely. 

The great East River bridges alone would 
give first place to New York. But we find 
our attention engaged by other notable struc- 
tures—the Washington arch bridge over the 
Harlem River, the classic High Bridge of the 
first Croton Aqueduct, and others. Then, 
acoustoming our eyes to a smaller scale, we 
see a profusion of drawbridges, including 
almost every known variety of this many- 
formed device—swinging, sliding in or out, 
pivoted to lift upward, single-deck or double- 
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deck—carrying light street traffic or the heavy 
trains of great trunk-line railways. 

Last, but not least, if we look to the imme- 
diate future, we learn of plans for building 
three bridges greater than any now existing— 
structures defying every tradition, every previ- 
ous possibility, and so far transcending New 
York’s present achievements in the way of 
bridges as to render them mere commonplaces 
—a suspension bridge across the Hudson, span- 
ning 3,000 feet clear; a concrete arch, 703 feet 
from abutment to abutment, at the north end 
of Manhattan Island; and a 1,000-foot steel 
arch bridge across that part of the East River 
to which the rushing tidal currents have given 
the name Hell Gate. The latter bridge is 
projected by the Pennsylvania Railroad for a 
direct connection with the New England rail- 
ways. | 

With many marvels of bridge-building skill 
thus open to our inspection in the American 
metropolis, let those who interest themselves in 
the intricacies of bridgework take a brief sur- 
vey of some of New York’s notable structures. 
The matter is well worthy of their attention. 

The keynote of the New York situation is, 
of course, the fact that bridges are vitally 
essential to the business of the city, because 
they form indispensable means 
of intercommunication between 
its different sections. The 
broad Hudson River on the west and the 
East River on the east separate the business 
focus, Manhattan Island, from the residential 
suburbs in New Jersey and from the “ City of 
Homes,” Brooklyn. New York could either 
remain self-limited, cut off from its neigh- 
bours, or it must develop quick and cheap 
transportation across the rivers. But the 
portal of America, with the finest harbour on 
the Atlantic seaboard, experiencing an im- 
mense and ever-increasing pressure of business 
and a corresponding great flow of population, 
could not remain isolated. The development 
of transportation facilities was inevitable. 


The Need 
for Bridges. 


THE BRIDGES OF 


A wonderfully efficient ferry service was 
built up on both rivers, partly by private 
ferry companies and partly by the ferries of 
the railways which terminate 
on the New Jersey and Brook- 
lyn shores. Even to-day this 
ferry service is still magnificent, though it has 
to compete with bridges and tunnels. Until 
the early ‘eighties, however, it was supreme, 
for there was no other way of crossing. 

Then the Brooklyn Bridge was built—‘“* The 
Great Bridge,” as it is called in some writings 
of thirty years ago. But this only gave relief 
at a single point ; on the whole, the pressure 
of traffic needs was virtually undiminished. 
Yet for thirteen years nothing was done to 
provide further facilities. The constructive 
problems were appallingly great. 

In 1897 a change began, and development 
has come with a rush. The problem was 
attacked on every side. In 1904 the second 
bridge to Brooklyn was opened—the Williams- 
burgh Bridge—in the very year that saw the 
opening of the Rapid Transit Subway. Two 
additional bridges were then already begun ; 
a few months hence one of these will be in 
use, and a year later the fourth also. 

During the same period tunnels under the 
rivers were started. In 1908 the first tunnel 
under the Hudson to New Jersey was put 
into service. That year also witnessed trains 
running through the Rapid Transit tunnel 
under the East River to Brooklyn. And at 
present four more tunnels under the Hudson 
and six more under the East River are being 
built, and are nearly ready for trains. 

Two hundred million dollars have already 
been spent on these bridges and tunnels, and 
there is pressure to provide 
yet further means of across- 
river transportation. The fer- 
ries still carry 220,000,000 passengers per year, 
nearly half as many as come from city homes 
by subway and elevated railways. The two 
bridges now in use carry 150,000,000 per year, 


Ferry 
Service. 


Traffic 
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Brooklyn and the Long Island suburbs. 
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and the tunnels about one-third this number. 
Obviously much remains to be done before 
the open and outlying residential regions are 
accessible to all members of the army of 
toilers. 

The relation of the great bridges and tunnels 
to this traffic merits a word to explain our 
sketch map (Fig. 2). The triangular southerly 
tip of Manhattan Island is the 


office and bank district, the G aad t 
ais eography o 
destination of possibly half the New York. 


total morning inflow. The 

Brooklyn Bridge brings its passengers here. 
The Subway runs through the centre of the 
district, carrying passengers from Brooklyn 
vid the Battery Tunnel, and from the upper 
residence districts by either the Harlem River 
Tunnel or by the Broadway line crossing the 
Manhattan Valley arch viaduct. In a short 


time, also, New Jersey season ticket-holders 


will be able to reach the financial district 
directly by way of the lower Hudson tunnels. 

Just to the north of this section is a terri- 
tory occupied by wholesale merchants. The 
Manhattan Bridge will feed directly into this 
area ; while at its easterly end it converges 
with the Brooklyn Bridge to the focal point 
of the numerous transit lines radiating out into 
The 
upper Hudson tunnels serve the northerly part 
of the wholesale district, and more directly 
lead to the shopping district just above. 

The Williamsburgh and Queensboro Bridges 
create new dwelling districts on Long Isiand. 
The former gave prompt relief to the fearfully 
congested tenement house district known as 
the Lower East Side, and brought within its 
reach a new territory of cheap houses in 
Brooklyn. The Queensboro Bridge, when 
opened, will perform the same service for the 
crowded Upper East Side. There is much 
open country around the eastern end of this 
bridge at present, allowing room for excess 
population. The Belmont or Steinway Tunnel 
will also reach this new dwelling territory. 


260 


The Pennsylvania tunnels have a larger 
purpose, since they are part of the greatest 
railway in America, and are intended to carry 
its passengers from the company’s tracks in 
New Jersey directly into the city, whereas 
hitherto they had to cross by ferry. The East 
River tunnels of the same system will serve 
the passengers of the affiliated Long Island 
Railway reaching out into all parts of Long 
Island. The Hell Gate Bridge is to be an 
integral part of this system, and over it the 
trains from New England may enter New York, 
or pass on to New Jersey, bound for the West. 

Thus it may be understood that the great 
works of construction which have been men- 
tioned bear a most immediate relation to the 
daily, hourly life of the great city. They are 
not mere engineering marvels ; they are admir- 
able parts of the city’s complex arterial system, 
carrying the flow of its life-blood. 


‘THE FAMOUS BROOKLYN BRIDGE, THE 
FIRST BRIDGE BETWEEN NEW YORK 
AND BROOKLYN. 


Ferry transportation made its drawbacks 
felt so early that even seventy years ago there 
was talk of building a bridge between Brooklyn 
and lower New York. The natural limitations 
of ferry service could not be improved away. 
But the building of a bridge was a stupend- 
ous problem. The deep, wide river and the 
busy shipping gave no opportunity for piers 
in the channel, while a span across the whole 
width was utterly beyond past achievements. 
So the talk about bridging was largely fanciful 
speculation ; no one had a workable idea for 
the undertaking. 

Then in the late ‘sixties a man who had 
built several large suspension bridges, John A. 
Roebling, said that he could and would bridge 
the East River—and he did. He himself died 
during the work—indeed, before it was fairly 
started—but his son, aided by the genius of 
one or two others, carried out his plans. In 
1884 the bridge was finally opened to traffic. 
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A technical picture of the bridge is afforded 
by Fig. 3, a drawing of its cross section. It 
shows two railway tracks (for “ elevated rail- 
way ” trains), two roadways outside carrying 
also trolley-car tracks, and in the middle a 
footwalk. There are four main longitudinal 
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Fig. 3.—CROSS SECTION OF THE BROOKLYN BRIDGE, 
SHOWING TWO ROADWAYS, FOOTWAY, TWO ELEC- 
TRIC CAR TRACKS, AND TWO ELEVATED ROADWAY 
TRACKS. 
The four cables carrying the bridge are 153 inches in 
diameter, and contain 14,000 miles of wire. 


trusses located between the roadways, and 
two smaller trusses along the outer edges. 
The main cables are directly over four of 
these six ‘stiffening trusses,” and the latter 
are hung to the cables by suspender ropes or 
rods, one every 74 feet along each cable. 
The purpose of the stiffening trusses will be 
apparent ; for were the roadway hung from 
the cables alone, a heavy load at one point 
along the bridge would produce a sharp sag 
there, and as this load moved the sag would 
travel along with it. This would not only 
make hard hauling, but it would “ work ” 
the various parts of the bridge very severely, 
besides taxing the cables unduly through the 
sharp bending at every such sag. The trusses 
prevent this localized sagging, and distribute 
the local load over a considerable length of 
the cables. 

The Brooklyn Bridge has special claim on 
our estcem because almost every feature and 
method employed in ‘the later suspension 
bridges is copied from it with but minor im- 
provements. The diagonal stays, which are 
so noticeable (they are attached to the towers 
by the curious fastenings sketched in Fig. 4), 
have not been copied, however, and remain a 
characteristic of the Brooklyn Bridge. Since 
the methods of building the later bridges are 
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described farther on in this chapter, we need 
not stop to recount the work of the Brooklyn 
Bridge builders. Some points in its later his- 
tory, however, merit our attention. 
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Fig. 4.—ToP OF ONE OF THE BROOKLYN BRIDGE 
TOWERS, SHOWING THE LARGE SADDLE OVER 
WHICH A MAIN CABLE PASSES. 


Tho saddle rests on rollers which permit casy movement 
to accommodate expansion and contraction of the cable, or 
changes of load. From near the saddle radiate diagonal 
stays to the stiffening girder. 


It is a very interesting fact that the heavy 
traffic across the bridge has gradually become 
too great, chiefly because the pondcrous rail- 
way and trolley cars of to-day 
were not. anticipated forty years 
ago. Therefore the authorities 
of New York city have for some time been 
planning to strengthen the bridge. Highly 
ingenious schemes for doing this have been 
devised. Unfortunately, they are too intricate 
to be described here. Suffice it to say that 
the main parts of the bridge—tho cables and 
the great stone towers—are amply strong ; 
the weakness is in the smaller picces, detail 
parts, and connections. This is not surprising, 
for, as engineers well know, many structures 
are weakest in details, just as a garment is 
apt to show its first troubles at the buttons 
or in the seams. 
Cable band broken 
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Fig. 5. 


A sensational illustration of this fact de- 
veloped in the Brooklyn Bridge a few years 
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ago. On a hot summer day in 1901 several 
of the short suspender rods near the middle 
of the bridge (Fig. 5 shows their position) 
were found to be broken through. These rods 
are capable of holding up some 60 to 80 tons 
each, but evidently they had been overworked 
by the to-and-fro movement of the bridge as 
its metal-work contracted or expanded with 
the temperature changes. Clearly the adja- 
cent rods now had to do extra duty, and there 
was danger that they might all tear in succes- 
sion, like the easy ripping of a seam after the 
first thread is started—a very grave danger, 
since the whole roadway would drop into the 
river. Needless to say, prompt and energetic 
action was taken. The roadway was fenced 
off on the side of the broken rods, and new 
rods were made and inserted. A thorough 
investigation subsequontly showed that the 
bridge, sooner or later, must have a general 
strengthening of its small parts. 

Incidentally, let it be remarked that this 
bridge costs the city nearly half a million 
dollars each year merely for inspection, paint- 
ing, cleaning, and small repairs—a good-sized 
fortune. The income from the rental pay- 
ments of the cars which cross the bridge just 
about balances this annual expense. 


THE WILLIAMSBURGH BRIDGE. 


Thirteen years elapsed between the open- 
ing of the Brooklyn Bridge and the commence- 
ment of the work on the second bridge across 
the East River, in 1897. During this period 
bridge-building science had advanced so much 
that, whereas fourteen years were needed to 
construct the first bridge, the Williamsburgh 
Bridge took less than half that time—that is, 
a few months over six years. Yet it is both 
longer and much stronger than its older brother, 
being able to carry about twice as great a 
load per running foot of bridge (see its cross- - 
section, Fig. 7). The two more recent bridges, 
it is true, have been made still stronger, but 
the Williamsburgh Bridge retains the honour 
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Fig. 6.—ERECTING BOTTOM CHORD OF WILLIAMSBURGH BRIDGE. 


of including the longest span of the East 
River bridges. In fact, next to the great 
Forth Bridge, it possesses the longest span 
in the world, though it holds this distinction 
by a very small margin, its span being only 
44 feet greater than that of the Brooklyn 
Bridge (1,600 feet as against 1,5954 fect). 
Three features mark the Williamsburgh 
Bridge distinctly to the observer’s eye: First, its 
steel towers—the Brooklyn Bridge having stone 


towers; second, the short, 

Main straight, and steep shore ends 

Features £ the cabl th 
of the of the cables, contrasting wit 

Bridge. the flat, drooping curve of the 


shore spans of the Brooklyn 
Bridge cables; third, the absence of the 
auxiliary diagonal stay-ropes, already men- 
tioned as being peculiar to the old bridge. 
The steel towers are described very neatly 
in a contemporary account as follows :-— 
“Roughly speaking, masonry towers would 
require foundations twice as large, would cost 
five times as much, and would take three times 
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as long to build—all these items being im- 
portant, of course, to both the public and the 
builders of the bridge. (Steel towers are used 
also in the Manhattan Bridge.) The omission 
of the diagonal stays has an even simpler 
reason—namely, that they are more or less 
troublesome to place, and have no compensat- 
ing advantage.” 

As for the straight shore ends of the cables, 
they allow the shore spans to be made shorter 
than if these parts of the cables had to carry 
the roadway, which would deflect them to a 
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Fig. 7.— CROSS SECTION OF WILLIAMSBURGH BRIDGE. 

This bridge can carry about twice the load of the Brooklyn 
Bridge. It has only two stiffening trusses, as compared with 
the six of the latter structure. 
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curved outline. On this account they would 
make the structure cheaper, since each running 
foot of bridge costs much more than a foot of 
approach viaduct. With straight backstays, 
of course, it is necessary to provide separate 
trusses to carry the shore span roadway. It 
will be seen, however, that the more recent 
Manhattan Bridge returns to the older arrange- 
ment of the shore spans, suspending the 
roadway of the shore spans directly from 
the cables, so that perhaps this is the better 
arrangement after all. But the topography 
of the ground surface affects the question. 

The first work which the constructors of the 
Williamsburgh Bridge had to do was to build 
the stone piers on which the towers stand. 
The piers are out in the water, 
and, of course, should rest on 
solid rock. To prepare for 
this, holes were bored in the 
river bottom with tubular diamond drills, 
which yield samples of the material through 
which they go. These showed at what depth 
rock would be reached. It was thus learned 
that one of the foundations would have to go 
down over 100 feet below water-level to get 
to rock. 

Then the work of sinking pneumatic caissons 
on which to build the masonry of the piers 
was begun. The. caisson method is nowadays 
used for most piers built in water wherever 
driven piles are not considered a satisfactory 
foundation. A great box of many layers of 
heavy timbers is built, closed on the sides and 
at the top, but open at the bottom. This box 
or caisson is sunk to the bottom in the exact 
location of the pier, and then compressed air 
is forced into the caisson to keep out water 
and enable diggers to get to work inside ex- 
cavating the soil under it. Meanwhile the 
stonework of the pier is being built up on 
the roof of the caisson, to hold it down against 
the buoyancy of the water and force its edges 
downward into the soil as the work of the 
diggers progresses. When the bottom edges 
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Fig. 8.—HANDLING GIRDER AT CENTRE OF MAIN 
SPAN, WILLIAMSBURGH BRIDGE. 


of the caisson get down to rock suitable for a 
foundation, the interior of the caisson is filled 
up with concrete, the workmen backing out 
as this filling progresses. The masonry above 
the caisson having been continued up mean- 
while, the pier is now complete, with a broad 
base of concrete resting on an assured founda- 
tion. 

Two such caissons were sunk for each tower, 
there being a separate pier under either half 
of the tower. To show that caissons are by 
no means trifling affairs (and 
those of the Brooklyn and The Piers 

: and Towers. 

Manhattan Bridges are much ‘ 
larger), we may note that each of the four was 
about 63 feet wide, nearly 80 feet long, and 
from 19 to 53 feet high. The depth of founda- 
tion below water-level differs, being 55 feet in 
the shallowest and 107} feet in the deepest. 
The stone piers resting on them rise to a 
height of 23 feet above water. 

All this foundation work took well over a 
year to execute. When it was finished, the 
steel towers could be built. Four immense 
steel posts rise from each pier, the eight posts 
being braced together very strongly to form 
a substantial tower. For about 100 feet 
they rise vertically to the level of the road- 
way, and thence converge, so as to give the 
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tower a pleasing taper to the heavy girders 
which connect them at the top. On these 
girders are set the four immense saddles— 
steel castings 19 feet long and 73 feet wide, 
and no less than 36 tons in weight—which 
hold up the cables. Each saddle rests on 
forty 2}-inch steel rollers 7} feet long, which 
allow it to move forward as the cables stretch 
in the heat of summer. 

While the piers and towers 


The were under construction, work 
Anchorages. j 
was progressing also on the 
anchorages. | 


These are im- 
mense blocks 
of concrete 
and stone, to 
which the ends 
of the cables 
are fastened, 
and so heavy 
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Simultaneously with this work men were 
busy erecting the steel trusses of the shore 
spans, and the intermediate towers on which 
they rest. Wooden staging, technically known 
as “‘falsework,” was erected on the proper 
line, and on it the pieces composing the trusses 
were laid and fastened together until the shore 
Span was complete and self-supporting, and 
allowed the removal of the falsework. 

In this particular case, the falsework of the 
shore spans was also used to support the 
derricks by which the parts of the main towers 


were —_— raised 
and set in 
place. When 
the towers 
reached the 
future road- 
way _ level, 


timber frame- 
work was built 


that the great- on the shore 
est pull on the span _ trusses 
cables cannot for raising the 
shift them on upper portions 
their founda- wee PO Raa pore, Eon of the towers 
tions. In the ee ie ee and __ settin 
case of this 2 Lakers : the cab le 
bridge, the an- saddles. 
chorages are _- Now  fol- 
po ie Fig. 9.—ONE OF THE HUGE ANCHORAGES OF THE WILLIAMSBURGH dtl 
si BRIDGE. iii 
175 feet wide Each anchorage is 175 feet wide, 155 feet long, and 120 feet high. most interest- 
by 155 feet ing part of the 
long, and about 120 feet high—solid masses of whole work, spinning the cables. The four 


stonework. The ends of the four cables enter 
the anchorage and are looped round pins, 
from which a strong chain of steel bars curves 
downward to sets of beams firmly bedded in 
the rear bottom part of the anchorage, so that 
the entire mass of anchorage would have to be 
broken apart or pulled off its base before this 
“anchor chain” could shift or pull out. The 
external appearance of one of these anchor- 
ages (Fig. 9) gives a good impression of their 
immense weight. 


cables of this bridge are each 18} inches in 
diameter (one-fifth thicker than 
those of the Brooklyn Bridge), 
and contain 7,696 steel wires 
of -192 inch (about +5, inch) diameter laid 
straight side by side. It might be thought 
that they could be laid together on the ground 
and tied in groups or strands to form small 
ropes, which would then be pulled up to the 
tops of the towers and hung in place. Noth- 
ing of the kind. The wires are passed over 


Spinning the 
Cables. 
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the towers one by one, looped round the 
anchorage pin at one end, drawn up to exactly 
the right curve, and secured similarly at the 
other end, to ensure that each wire of the 
31,000 shall bear its exact proportion of the 
total strain when the load of the bridge is 
applied. Clearly this is a tedious process, but 
bridge engineers maintain it to be the only 
correct one. 

The reason for such painstaking methods is 
just this : that the whole idca of the wire-cable 
type of bridge is based on the high efficiency 
of drawn wire as a medium to resist pull, and, 
of course, this efficiency is in great part wasted 
unless all wires share the load equally. Steel 
wire, as used in these cables, is about four times 
as strong, and may be loaded about four times 
as heavily, as a pieco of ordinary bridge steel 
of equal section, and it is this high efficiency 
that makes it possible to build such long, 
graceful suspension bridges. But if the wires 
were laid together on the ground, then hoisted 
up and bent over the saddles, many of the 
wires at the curves would spring out, showing 
that they carry no load at all; and there 
would be no way of telling how many wires 
were actually carrying load, or of calculating 
the strength of the bridge. 

After all, this cable-spinning is not so tedious 
an undertaking as it may seem. Systematized 
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Fig. 10.—BROOKLYN ANCHORAGE, MANHATTAN 
BRIDGE, PARTLY BUILT. 
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Fig. 1].—.LayING THE ROADWAY OF THE 
WILLIAMSBURGH BRIDGE. 


methods do wonders. It is true that two years 
were required for forming the cables of the 
Brooklyn Bridge, and one year in the case of 
the Williamsburgh Bridge; but in the latest, 
the Manhattan Bridge, the work was com- 
pleted in the marvellously short space of four 
months. Because the spinning operation was 
done so much more perfectly on the Manhattan 
Bridge, we will consider it in detail when we 
come to that structure, bearing in mind that 
the description will in substance apply also to 
the two earlier bridges. 

When the cables of the Williamsburgh Bridge 
were in place, heavy cast-steel bands were 
clamped around them at the proper intervals 
—about 20 feet—and over these 
were hung the wire-rope sus- 
penders which hold up the 
floor-beams of the roadway. Between the 
bands, the cable was wrapped with cotton 
duck strip soaked in an oil varnish composition, 


Wrapping 
the Cables. 


266 


and over this were placed tight steel shells 
(as sketched in Fig. 12). The object, of course, 
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Fig. 12.—skETCH OF THE WRAPPING AND SHEATH- 
ING OF ONE OF THE WILLIAMSBURGH BRIDGE 
CABLES. 


Each cable is 182 inches in diamoter. The four cables weigh 
together 5,000 tons and contain 19,000 miles of wire. 


is to protect the cables perfectly from all 
chances of rusting. For the same purpose 
the spaces between the wires in each cable are 
filled with a thick oil or grease. 

This form of cable protection was a novelty. 
The Brooklyn Bridge has on its cables a spiral 
wrapping of wire, close laid and squeezed tight, 
and afterwards thoroughly painted. As a 


matter of fact, the wire wrapping has proved - 


superior to the steel shell covering, for repeated 
examination of the Brooklyn Bridge cables 
shows complete absence of rust, whereas the 
Williamsburgh Bridge cables prove to be not 
so perfectly protected. On the Manhattan 
Bridge, therefore, the old plan of a spiral 
wrapping of wire is being used. 

The cables and suspenders once in place, the 
bridge is nearly completed, though it looks 
very far indeed from finished. Erecting the 
steel framing of the floor and stiffening trusses 
is commonplace work for the bridge-builder. 
A derrick reaches out from the tower and hangs 
the first floor-beam to the bottom ends of the 
first set of suspenders. Then the longitudinal 
members are placed on the support thus gained. 
When a section thus built out is so far com- 
plete as to be rigid, the derrick is moved for- 
ward, and the same operation is repeated until 
the entire floorwork is in place. 

Then the stiffening trusses are built up, one 
special precaution being taken: the material 
of the trusses must be brought out on the 
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floor and distributed along the bridge in pro- 
portion to its final distribution, so that its 
weight will bring the cables to the exact curve 
which they are to have in the completed 
structure. If this precaution were neglected, 
the trusses could not be made straight, through 
being strained into a wavy shape, as the pro- 


.gress of their erection shifts the load on the 


cables. 

The construction of the Williamsburgh Bridge 
was distinguished by an interesting accident. 
When the cables were just completed, some 
wooden staging on the top of 
the west tower caught fire, and, 
being soaked with grease from the cables, it 
made a hot little blaze. The wire-rope foot- 
bridge used in the work of laying up the main 
cables was wrecked, because its ropes softened 
and tore apart just over the tower. 

There was great fear that the main cables 
had been injured by the heat, in which case 
the work of a year would have been nullified. 
An expert investigation showed, however, that 
only a few of the outer wires were weakened, 
and that the damage could be repaired. Very 
reassuring news! Clearing away the foot- 
bridge wreckage was a vexatious piece of 
work, of course, but it brought no diffculties, 
and the bridge was completed without further 
incident. 


An Accident. 


THE MANHATTAN BRIDGE. 


A short distance north of the Brooklyn 
Bridge a third suspension bridge is being built, 
to relieve the old bridge of its excess traffic, 
and to develop new routes of transportation. 
This structure affords us an opportunity of 
studying the process of cable-spinning in the 
most perfect manner yet attained, 

First, a glance at the general characteristics 
and dimensions of the bridge. Its main span 
of 1,470 feet, and shore spans of 725 feet, are 
supported by four 203-inch cables, the largest 
ever attempted. The 9,472 wires—each °192 
inch in diameter—are galvanized for rust 
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proteetion—a novelty in cable wire—and will 
be covered with a spiral wrapping of Norway 
iron wire. The graceful steel towers are an- 
other original feature. 

Corresponding to their four-post construc- 
tion, the bridge has four stiffening trusses. 
The double-deck floor accommodates four 
elevated railway tracks, four trolley tracks, 
a wide carriage-way, and two footwalks. 

How the piers, towers, and anchorages were 
built may be understood from the previous 
review of the Williamsburgh Bridge work, so 
we will not stop to describe the process again, 
as our attention is engaged more specially by 
the highly important operations of cable- 
making. 

This picturesque work was done with phe- 
nomenal rapidity. The 37,888 wires were put 


Fig. 13.—ANCHORAGE OF MANHATTAN BRIDGE, 
NEARLY COMPLETED. 


Fig. 14.—RUNNING OUT ON THE FOOTBRIDGE ROPES 
TO LAY THE WOODEN FOOTPATH FLOOR, MAN- 
HATTAN BRIDGE. 





NEW. YORK CITY. 


ee 
ih a 


Te Tis a —— 
PARSER a AN he Sa 
% Lyi) Se o% “A s Bay fag & ee 
Ptah ikcoens cae tly meee , 
¥ vA a nian “ re 
A ‘ a ae 
5 ts 2 . ; 
shee 
i o 


a 


RPGR yon ry Rg mmr ail 
na ne Eta ye : 


eal} tm 





weer ges 











Fig. 15.—oNE OF THE MANHATTAN BRIDGE TOWERS 
DURING CONSTRUCTION. 


Each tower contains 6,000 tons of steel. 


in place in just four months. Though begun 
only in August 1908, the cables were finished 
by December of the same year. 

When the towers were up, footbridges had 
to be erected, for the use of the workmen 
who place and adjust the wires of the main 
cables. To this end sixteen The 
il-inch wire ropes were drawn Footbridges 
over one tower, thence through _ for the 
the water to the opposite side, C@ble Work. 
and up over the other tower. Hoisting engines 
pulled these ropes up out of the water and 
raised them to the desired height—that is, a 
fow feet below the line of the cables. Then 
the ropes were tied together in groups of four, 
so that, when their ends were secured to the 
anchorages, there were four substantial foot- 
bridge supports. Men now set to work laying 
a wooden floor over the ropes. Sliding down 


268 


; are 
nr aa, 
a1 ; ‘ 
a ee 


~ £3 
- , 4 we 
4 ; : : 
F a th 
—# = 
t "?¢ : 


a aS tat 
4 


7 | 
i! 
7 | 
~ 
vA 
a 
= 
sa 
"A 
aa 
~ 
3 


‘ 


" 


era 


NZ 


\ 
{ 


Fig. 16.—THE FINISHED FOOTBRIDGE, HELD DOWN 
AGAINST WIND PRESSURE BY STAY ROPES. 


along the ropes from the tower tops, riding 
on wooden platforms hung from small wheels 
running on the ropes, they laid timber after 
timber, clamping each to the ropes, and finally 
nailed down the floor boarding. The floor 
once laid, and guarded by hand-railings, and 
the finished footbridge anchored down against 
any lifting action of the wind, there was a 
thoroughly safe pathway, which even a lay- 
man of reasonable climbing abilities might 
traverse without risk. 

More apparatus was needed before the real 
cable work could be begun. On the line of 
each cable an endless rope was 
carried across the footbridge 
and looped over pulleys on the 
towers so as to hang six or eight feet above 
the footpath. At either anchorage this rope 


Further 
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was strung round a large horizontal wheel. 
By turning these wheels with electric motors, 
the rope, called the “ travelling rope,” would 
act like an endless belt, one side moving from 
Brooklyn to Manhattan, while the other moved 
in the reverse direction. At two points on the 
travelling rope there were attached light frames, 
each carrying a vertical pulley or sheave. 
These travelling sheaves were, of course, moved 
across the span in either direction by the 
motion of the rope ; they did all the real work 
of cable-spinning. 

The wire for the cables was brought to the 
work on large reels, 5 or 6 feet in diameter, 
each reel carrying many miles of wire. As 
about 160 miles of wire was ultimately joined 
in a continuous length to make one of the 
thirty-seven strands of a cable, we have a 
total of about 24,000 miles for the four cables, 
nearly sufficient to girdle the earth. At all 
times several such reels were on hand at 
ither anchorage, whence the work was con- 
trolled. 

To serve as pattern or guide for the cablo 
wires, one length of wire was strung across 
the span over temporary supports slightly 
above the line of the finished cable, and ad- 
justed very accurately to the exact curve 
desired. This was the “ guide wire.” 

To begin the spinning, one end of a reel was 
fastened to a “ strand-shoe,” a curved steel 
block linked to the chain of anchor bars, 
Then the wire was partly un- 
reeled, passed forward, and 
looped around the travelling 
sheave. The motor was now started, moving 
the travelling rope and carrying the sheave 
slowly upward from anchorage to tower, and 
thence over the entire span to the opposite 
anchorage. In travelling along, the sheave 
paid out that end of the wire which had 
been fastened to the strand-shoe (the “ dead 
wire ’’), and at the same time, drawing out 
wire from the reel, pulled this second pass 
of wire (the “live wire’) also across the 
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the river. 


Fig. 17.—1THE MAN- 
HATTAN BRIDGE 
HAS ITS SADDLES 
BOLTED TO THE 
TOPS OF THE 
TOWERS, WHICH 
BEND WHEN 
LOAD OR TEMPER- 
ATURE CHANGES 
THE POSITION OF 
THE CABLES. 


river. The sketch 
(Fig. 18) will help 
to make this 
clear. 

The result was 
:, that, on arriving 
“Ky at the opposite 
anchorage, the 
sheave had pulled 
a loop of wire across the river, giving in effect 
two cable wires. The closed end of this loop 
was now slipped off the sheave and dropped 
round a strand-shoe corresponding in position 
to the one at the other end of the wire. The 
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Fig. 18.—DIAGRAM SHOWING ACTION 
OF TRAVELLING SHEAVE IN CABLE- 
SPINNING. PLACING TWO WIRES AT EACH OPERA- 
TION. 


The return side of the travelling rope carries a similar 
sheave, bringing wire over from the opposite anchorage, 50 
that ono trip of the travelling rope places four wires. 
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moment this had been done, the sheave was 
ready for a return trip, and, taking wire from 
a reel on this anchorage, it strung a third and 
fourth wire on its way back. During the first 
trip of the sheave, say from Brooklyn to Man- 
hattan, the other side of the travelling rope 
was carrying its own sheave with wire from 
Manhattan to Brooklyn. This double action 
being maintained on every trip, each move- 
ment of the rope had the effect of spinning 





Fig. 19.—oNE OF THE FOUR MAIN CABLES OF THE 
MANHATTAN BRIDGE COMPLETED AND TIED TEM- 


PORARILY, BUT NOT YET WRAPPED. VIEW NEAR 


ANCHORAGE SADDLES. 


A cable has a diameter of 20% inches, and is able to with- 
stand a strain of about 24,000 tons. 


four wires. There was a separate travelling 
rope, with motor, reels of wire, etc., for each 
cable, so that sixteen wires were laid at once. 
Under favourable conditions a round trip took 
about fifteen minutes, and over a hundred 
wires could be put in place in a single hour. 
Of course the wires needed to be adjusted 
to exact position after being laid, and here 
the guide wire came into use. Men stationed 
at various points along the 
footbridge near the guide 
frames which supported the 
travelling rope worked in concert to make the 
adjustment. They laid the fresh wire along 
the guide wire, pulled it up to the same posi- 
tion, and signalled from man to man until 
correct adjustment was secured. The slack 
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having been drawn forward to the distant 
strand-shoe, the adjusted wire was ready to 
be bunched with others to form a strand. 

When all the wire of a strand had been 
strung, making two hundred and fifty-six 
separate spans of wire all looped in.a con- 
tinuous length round the two strand-shoes, its 
ends were joined, and ss 
the strand was bound | 
with wire at inter- 
vals. Then the 
strand, still resting 
on temporary sup- 
ports above its final 
position, was lowered 
to its permanent 
place in the saddles, 
and at the same time 
pulled up to its pre- 
cise adjustment by 
a strong hydraulic 
jack. Work then pro- 
ceeded on another 
strand, with another 
set of strand-shoes. 

When all strands 
were complete, the 
whole mass of wire 
of each cable was 
Squeezed into com- 
pact circular shape 
by a hydraulic 
squeezing ring, which 
could be shifted along 
the cable from end 
to end. The unpre- 
cedented size of the Manhattan Bridge cables 
made it necessary to do the work in two 
stages to get a solid core, squeezing first the 
seven inside strands, and later the entire 
thirty-seven strands of the cable. 

The bridge is now ready for bolting the 
heavy cast-steel cable bands round the cables 
and attaching the suspender ropes (Fig. 21). 
These comparatively slender, but immensely 
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Fig. 20.—ANCHORAGE END OF A CABLE OF THE MAN- 
HATTAN BRIDGE. 


This view shows how each strand of the cable is attached 
independently to an anchor chain. 
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strong, steel ropes are to carry the whole 
weight of floor and load. In due course the 
wrapping wire will be added by an ingenious 
winding machine. 

From this point onward the erection work 
again becomes simple and familiar. Floor- 
beams and truss members are hung to the 
suspender ropes by 
great derricks, start- 
ing from firm footing 
at towers and anchor- 
ages, and working 
outward over the 
several spans’ until 
the steel members 
meet at the centre. 
Then the floor must 
be laid, tracks and 
railing put in place, 
a couple of coats of 
paint applied, and 
the great structure 
is ready to enter into 
service. 


BLACKWELL’S 
ISLAND OR 
QUEENSBORO 
BRIDGE. 


The new  Black- 
well’s Island Bridge 
—rechristened 
Queensboro Bridge— 
crosses over the pris- 
ons and hospitals of 
Blackwell’s Island, 
and rests on two intermediate piers built on 
the island. Because this shortened its span 
as compared with the three suspension bridges 
four and five miles south, it was thought 
proper to adopt the cantilever principle of 
construction. However, after seeing the im- 
posing aspect which the finished structure 
presents, one is justified in giving it equal 
rank with the other East River bridges. 
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Until the Queensboro Bridge was com- 
pleted, the longest cantilever in America was 
the 812-foot span of the Monongahela River 
Bridge of the Wabash Railway at Pittsburg, 
Pa. Later a vastly bolder attempt was made 
at Quebec, where an 1,800-foot cantilever 
was begun in 1904; but even before comple- 
tion this structure collapsed on August 29, 
1907, carrying down eighty workmen to death. 
The Quebec Bridge would have outranked the 
famous Forth Bridge by nearly a hundred 
feet. The Queensboro Bridge is much smaller. 

The two channel spans are unequal. The 
west or Manhattan span, the longer, measures 
1,182 feet; while the east or Queensboro 
span is only 984 feet. Adding the 630-foot 
connecting span over Blackwell’s Island and 
the shore arms of 469 feet and 459 feet, we 
find the bridge to have a total length of 3,724 
feet, nearly three-quarters of a mile, not 
counting the extensive approaches. 

The other dimensions of the structure are 
correspondingly large. The roadway is over- 
topped nearly 200 feet by the 
high posts over the piers. Two 
massive floors, 86 feet wide, afford room for 
four railway tracks, four trolley tracks, two 
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Fig. 22.—BLACKWELL’S ISLAND BRIDGE. 
SHOWING FALSEWORK, AND THE TWO GREAT “ TRAV- 
ELLERS”? FOR HANDLING THE PARTS. 
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Fig. 21.—HANGING THE SUSPENDER ROPES FROM 
THE FINISHED CABLES, MANHATTAN BRIDGE. 
The footbridges arc at this etage still needed for wrapping 
the cables, but they have now been hung directly to the main 
cables, and their rope supports have been cut up to use as 
suspender ropes. 


footwalks, and a carriage-way, equivalent 
to the space of a street 170 feet wide. 
Because of this immensely heavy load- 
ing, the bridge contains pieces which 
are about twice as strong as any bridge 
members ever before built, even including 
the Quebec Bridge. In fact, its heaviest 
strut or compression member is equal to 
a solid rectangular bar of steel two feet 
thick and four feet wide ! 

As to the principle embodied in the 
cantilever type of bridge, we may under- 
stand it by looking at Fig. 23. That 
part of the structure which rests on 
the two island piers is virtually a large 
horizontal beam, resting on the two 
piers and jutting out 500 to 600 feet 
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over the water at either end. For lightness 
and for ease of construction it is not made 
solid, but is built up of triangulated trusswork. 
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Fig. 23.—BUILDING OUT THE ARMS OF THE BLACK- 
WELL’S ISLAND BRIDGE FROM THE ISLAND PIERS. 
The travellers have passed through the towery. 


(A triangle is a perfectly rigid assemblage, so 
differing from a square, which can be flattened 
down into a rhomboid shape.) On either 
shore there is another such built-up beam, 
poised on a pier near the water’s edge, and at 
its land end both supported by and anchored 
to a heavy “anchor pier.” This beam pro- 
jects outward over the water, and meets the 
overhanging end of the middle or island 
section. 

In the Queensboro Bridge these “ cantilever 
arms ”’ project out far enough to meet. In all 
other cantilever bridges, however, the arms 
are not made long enough to 
meet, and the open space 
between them is covered by an ordinary truss 
bridge, called the ‘suspended span,” which 
rests on the ends of the cantilever arms. The 
omission of the customary suspended span is 
a very peculiar characteristic of the Queens- 
boro structure. This is of special interest, 
as the reader is not likely to see a second 
instance of this omission. Most engineers do 
not like the arrangement here adopted, though 
no one quegtions that it can be made just as 
strong as the usual form. 

Bridgemen think it easy to erect a cantilever 
bridge, because in putting up the overhanging 
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work they do not have to bother with false- 
work—that is, temporary supports built up 
below. Once the anchor arms or shore arms 
are completed, the projecting parts are at- 
tached piece by piece from above, forming at 
all times a firm, stable structure, until they 
meet at mid-channel. Even arches are some- 
times erected by this method, a notable in- 
stance being afforded by J. B. Eads’s bridge 
across the Mississippi at St. Louis. 

This method of construction is, in fact, the 
reason why the cantilever type of bridge is 
so often adopted when deep channels, wherein 
it would be difficult and costly to build false- 
work, have to be crossed. 

The appliance which makes the cantilever 
method of erection so easy is the “ traveller.” 
This is a great upright framework mounted 
on rollers, carrying derricks 
and other hoisting tackle, and 
fitted with a long overhanging 
nose at the front, from which the new pieces 
of the bridge are hung while being pinned 
or riveted together so as to carry their own 
weight. 

It is only necessary to add that, before 
cantilever erection begins, the shore arms 





Fig. 24.—AsSSEMBLING EYE-BARS ON THE BLACK- 
WELL’S ISLAND BRIDGE. 


The pins used to hold the eye-bars together are huge stecl 
bars 10 feet long and 16 inches in diameter. 
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Fig. 25.—WORK OVER MID-STREAM, BLACKWELL'S 


(and in our bridge also the island span) are 
built up on falsework by the usual bridge- 
erection methods. The novelty in the Queens- 
boro operations was the use of costly steel 
falsework in place of timber, owing to the 
enormous weight of the bridge members. 

For the rest, the Queensboro Bridge had 
the advantage of good rock foundations for 
its piers, all of which were built on land. 
The steelwork was the weighty element, so 
to speak. It amounted to 50,000 tons; and 
some parts of it were made of a new material, 
nickel-steel—that is, steel containing about 
three per cent. of nickel. This compound is 
nearly twice as strong for its weight as ordin- 
ary bridge steel, and therefore seems to have 
a brilliant future before it. 

After this review of the four great East 


River bridges, we may glance at the other 
(1,408) 
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ISLAND BRIDGE. 


(Photo, Topical Press.) 


notable bridges of New York. The many 
smaller structures must be passed over here 
and left for the study of the bridge specialist. 


OTHER LARGE BRIDGES 
YORK CITY. 


Twelve miles north of New York’s business 
centre, the Harlem River is crossed by two 
handsome structures which afford a striking 
contrast. 

High Bridge, carrying the first Croton 
Aqueduct over the Harlem to New York city, 
recalls the famous Roman aqueducts. It 
was completed in 1848. Some of its stately 
semicircular arches span 80 feet, others 50 
feet, and the top of the structure, crossed 
by a footpath, is 114 feet above the water. 

Washington Bridge, with its modern steel 
arches (Fig. 27), is forty years younger; it 
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was built in 1886-89. The two arches, each 
made up of six I-shaped ribs 13 feet deep, 
have a clear span of 510 feet and a rise of 
91°8 feet. The bridge closely resembles the 
more renowned Eads’s bridge referred to above. 
A less imposing pair of bridges, found in 
Manhattan Valley ncar West 130th Street, pre- 
sents another contrast, a contrast of szsthetic 
effect. The Subway Arch, a 


ernie glimpse of which is given in 
Arches.  ~'ig- 29, glories in its plainness. 


The simple curves of its 170- 
foot span exhibit no effort at adornment ; yet 
it cannot be denied that the structure pos- 
sesses a marked natural grace. 

Finally, there are serious proposals for three 
bridges of quite phenomenal dimensions in 
New York city, to which we must give at: 
least a moment. The most recent proposal 
has the best prospects of early realization. 
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This is the Hell Gate arch bridge of the 
Pennsylvania Railroad, spanning 1,000 feet 


clear. Its Jocation has’ been 

indicated on our map (Fig. 2). Three Pro- 

By glancing at the picture of Posed Monster 
y& g I Bridges. 


the Washington Bridge (Fig. 

27), and imagining a single arch replacing the 
two arches, we may get an idea of its enormous 
size. The arch would rise to a height of 300 
feet above the water, though the railway 
floor would be but 140 feet up, being suspended 
from the arch. 

‘This structure is intended to span tho 
easterly channel of the East River from Long 
Island to Ward’s Island, and its viaduct 
approach would extend thence to Port Morris, 
using smaller spans to cross the other water 
spaces. 

The Henry Hudson Memorial Bridge (Fig. 31) 
is a reinforced concrete arch 703 feet in clear 
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Fig. 26.—JOINING UP THE BLACKWELL'S ISLAND BRIDGE. 
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Fig. 27.—WASHINGTON BRIDGE, OVER THE HARLEM 
RIVER, NEW YORK. (Photo, Geo, P. Hall.) 

Fig. 28.—THE SUBWAY ARCH BRIDGE OVER MAN- 
HATTAN VALLEY, BROADWAY. 

Fig. 29.—THE SUBWAY ARCH BEING ERECTED ON 
THE CANTILEVER PRINCIPLE, WITHOUT FALSE- 
WORK SUPPORT. 


OF 
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Fig. 30.—WALNUT LANE BRIDGE, PHILADELPHIA. 


This photograph shows the centering shifted from under 
one half of the bridge ready for the construction of the 
second and parallel half. 


span, designed to cross Spuyten Duyvil Creek 
at the northerly end of Manhattan Island. 
Its construction will be a prodigious task for 
the builder, though the designers feel con- 
fident of success. No better idea can be 
formed of its size than by looking at Fig. 30. 
a view during construction of one of the 
largest existing concrete arches, the Walnut 
Lane Bridge in Philadelphia (span 232 feet), 
and noting that the Henry Hudson arch would 
have a span three times as great. 

The third of the proposed leviathan bridges 
is a 3,000-foot suspension span across the 
Hudson River at 59th Street, 
long as that of any one of the East River 
suspension bridges. Although engineers con- 
sider that it offers easier constructive problems 
than the Henry Hudson Bridge, it is rather 
visionary, for the reason that it would be 
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tremendously expensive. The cost is esti- 
mated at $50,000,000 at least—more than the 
cost of the four East River bridges put to- 
gether. In order to pay interest on this sum, 
the structure would have to earn a profit of 
two or three million dollars per year, and the 


prospect for such an earning power is any- ° 


thing but rosy. 
This ambitious but unpromising project 
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fittingly concludes our survey of New York’s 
bridges, for it emphasizes well the potency of 
the financial factor in engineering work. 
Great bridges are always serious problems 
for the engineer, yet in many cases the 
constructive difficulties, formidable though 
they be, are less serious than the problem of 
finding money and making the undertaking 


pay. 


Fig. 31.—THE GREAT ARCH OF THE PROPOSED HENRY HUDSON 
MEMORIAL BRIDGE, NEW YORK. 


The span of 703 feet will be over 23 times as long as the next largest concrete 


or masonry arch in existence. 


In the upper figure the black lines indicate the 


steel rods reinforcing the concrete of which the arch is mainly composed. 


(By courtesy of the “ Sctentific Amertcan.”’) 
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BY CHARLES BRIGHT, F.R.S.(Edin.), M.LE.E. 


PART I. 


THE PIONEER LINE. 


INCEPTION AND PROJECTION. 


HE story of pioneer submarine teleg- 
a} raphy is so closely associated with 
the early Atlantic Ocean cables that 
the latter may practically be taken as sym- 
bolic of the former; and as we have just 
commemorated the fiftieth anniversary of 
the Atlantic cable, the present time is a 
peculiarly suitable one for dealing with the 
subject. 

The idea of spanning the North Atlantic 
Ocean by means of a submarine telegraph 
between Europe and America—aptly char- 
acterized at the time as “the great feat of 
the century ’—began to take shape in the 
year 1853. 

At that period there were no applicable 
data to go upon for solving the problem of 
laying some 2,000 miles of cable, in one con- 
tinuous length, across an open ocean, at a 
depth’ of three miles for a great part of the 
distance. 


Tho impetus on our side originated with 
the Magnetic Telegraph Company, whose land 
lines extended throughout the United Kingdom 
to the seaboard of Ireland. The brothers 
Charles and Edward Bright, respectively the 
engineer and general manager to this com- 
pany, had, for some time past, been conduct- 
ing a number of electrical experiments and 
investigations, which led them to the conclu- 
sion that a transatlantic telegraph cable was 
practicable. 

On the other side of the ocean Mr. F. N. 
Gisborne, an English engineer of distinction, 
had obtained an exclusive concession for 
connecting St. John’s, Newfoundland, with 
Cape Ray, in the Gulf of St. Lawrence, by an 
overhead telegraph line, with a view to “ tap- 
ping ’’ steamers coming from this country, and 
thus passing messages by the land wire and 
carrier pigeons to Cape Breton, whence there 
was to be a short cable to the mainland at 
New Brunswick. 

When in New York, after erecting the land 
wire across Newfoundland, Gisborne met Mr. 
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Cyrus West Field, a retired merchant, who 
became enthusiastic on the subject, purchased 
Gisborne’s rights, and formed a syndicate for 
realizing the latter’s scheme. 

A cable eighty-five miles in length was made 
in England for connecting up Newfoundland 
with Cape Breton, in substitution for the 
carrier pigeon service; but after forty miles 
had been laid, rough 
weather brought the 
undertaking to an | 
end. A new cable 
was thereupon made, 
and laid successfully 
across the gulf, thus, 
with the aid of the 
Newfoundland _ over- 
head wire, linking up 
St. John’s with Can- 
ada and the Ameri- 
can land lines. This 
work was the out- 
come of the New 
York, Newfoundland, 
and London  Tele- 
graph Company ; and 
in view of the fact 
that their president 
possessed the sole 
landing rights for any 
cable on the shores of 
Newfoundland, their 
position in regard to 
a transatlantic cable 
was naturally a very 
strong one—indeed, practically unassailable. 

During the foregoing work steady progress 
was being made towards the realization of the 
idea of connecting up the United Kingdom 

with America by telegraph. 
Exploring the A substantial amount of know- 
Ocean Bed. 

ledge regarding the bed of 
the Atlantic Ocean became available about 
this time, resulting from a series of soundings 
taken independently by the American and 
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Fig. 1.—NEW YORK AND NEWFOUNDLAND TELE- 
REMOVED AFTER LANDING OF 
THE FIRST ATLANTIC CABLE IN 1&O8, 
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British navies, revealing what was termed “a 
gently undulating plateau extending the whole 
distance between Ireland and British North 
America.” The ground was found to shoal 
gradually on the Newfoundland side, whilst 
rising more rapidly towards the Irish shore. 

The soundings were taken with the in- 
genious apparatus | of Lieutenant J. M. Brooke, 

United States Navy, 

_~"""* which formed the 

i prototype of all simi- 

lar deep-sea sounding 

tubes of the present 
day. 

In this a light iron 
rod, C (see Fig. 2), 
hollowed at its lower 
end, is passed loosely 
through a hole in the 
centre of a cannon- 
ball weight, A, fas- 
tened to the line by 
a couple of links, LL. 
On the bottom being 
touched the links re- 
verse position, owing 
to the weight being 
taken off; and the 
cannon-ball, or plum- 
met, thus set free, 
remains on the 
ground, leaving the 
light tube only to be 
drawn up with the 
line. In the act of 
“ grounding,” the open end of the tube presses 


into the bottom, a specimen of which is con- 


sequently obtained, unless it be rock or 
coral. 

An oozy bottom was found throughout the 
soundings. The specimens brought up to the 
surface were shown under the microscope to 
consist of the tiny shells of animalcula (Fig. 
3). No sand or gravel being discovered on the 
ocean bed, it was concluded that no currents 
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os USED IN SUR- 


SOUNDER ” 
VEYING THE DEPTH OF THE ATLANTIC OCEAN. 


Fig. 2.—THE BROOKE 


The arrows indicate the direction of the parts during descent, 
when grounding, and while the rod C is being raised. 


or other disturbing elements existed at those 
depths. 

The plateau or ridge—which was found 
to stretch for some 400 miles north and 
south—was considered a veritable feather 

bed for a cable; and the 

A Submarine 4 merican naval officer's re- 

Plateau. ey ee 

port spoke of this “ shallow 
platform or table-land’”’ as having been 
‘apparently placed for the express purpose 
of holding the wires of a submarine telegraph, 
and of keeping them out of harm’s way.” 
This naval officer’s report concluded: “I do 
not, however, pretend to consider the question 
as to the possibility of finding a time calm 
enough, the sea smooth enough, a wire long 
enough, or a ship big enough to lay a coil of 
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wire 1,600 miles in length.” These words 
form amusing reading nowadays, as do 
also the suggestions of “a telegraph plateau 
apparently furnished by Providence as a 
place for the Atlantic cable.” The “ plateau ” 
idea was only true to the extent that the bed 
of the ocean in these regions afforded a smooth 
surface as compared with the Alpine char- 
acter prevailing north and south of it. 

These soundings, at something like fifty-mile 
intervals, were not originally undertaken with 
the Atlantic cable expressly in view. Indeed, 
for many years—until experience pointed to 
the absolute necessity—no special surveys 
were made previous to the laying of a cable. 


Armed with his landing right concessions, 
Mr. Cyrus Field came over to England in the 
summer of 1856, on behalf of the ‘‘ Newfound- 
land Company,’ to get into 
communication with Mr. John 
Watkins Brett, who had already 
taken a leading part in submarine telegraphy, 
and with Mr. (afterwards Sir Charles) Bright, 
who had for some time, as we have seen, been 
engaged in active preparations for an Atlantic 


Projectors 
join Hands. 
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Fig. 3.—SPECIMEN OF THE BED OF THE ATLANTIC 
OCEAN. MAGNIFIED 10,000 TIMEs. 
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cable in connection with the ‘‘ Magnetic ”’ tele- 
graph system. Bright had also been the first 
to connect Great Britain with Ireland by 
what Lord Kelvin described as “the first 
cable successfully submerged in really deep 
water.” 

On September 26th, 1856, an agreement 
was entered into between Brett, Bright, and 
Field as follows :— 

‘“‘ Mutually, and on equal terms, we engage 
to exert ourselves for the purpose of forming 


sa 
vem 
bt 
a) 
' 
. 





u 
wil 


“a 
et 
fae 
“h 
ay 
iY, 
rea 
a 
pfs 


ENGINEERING WONDERS 





ee ( ‘ xn ah 
pee d RTT dt ada a thee} * ad Ty, ha Y He 
; Cpe Pe % 4 ia 
aia, Bae eee ROR | hisiclnas 
= % ta dored > ag 


OF THE WORLD. 


were the subject of pity at that time, but 
who ultimately achieved so much for the 
public benefit. 

The prejudice against the line ran, indeed, 
even higher than in the case of most great and 
novel undertakings. The critics were many ; 
and with our present knowledge, it seems al- 
most incredible that a large proportion of the 
unfavourable assertions emanated from men 
in the highest ranks of science. For example, 
the late Sir G. B. Airy, F.R.S. (Astronomer 





v 
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CHARLES TILSTON BRIGHT 
(Projector and Engineer). 


a company for establishing and working of 
electric telegraphic communication between 
Newfoundland and Ireland, such company to 
be called The Atlantic Telegraph Company, 
or by such other name as the parties hereto 
shall jointly agreo upon.” 

Jonn W. Brerv. 

CHaRLes T. Bricut. 

Cyrus W. Fizxp. 


As soon as the movement for a trans- 
atlantic telegraph began to be actively 
talked about much derision from many 
‘‘ croakers ’’ was experienced 
by the projectors. The scheme 
was, indeed, freely spoken of 
as “a wild freak of people that were to be 
pitied.”” The portraits above depict those who 


Prejudice and 
Criticism. 


Royal), announced to the world (1) that “it 
was a mathematical impossibility to submerge 
a cable in safety at so great a depth,” and (2) 
that “if it wore possible, no signals could be 
transmitted through so great a length.” Dis- 
tinguished nautical experts, as well as promi- 
nent engineers, were similarly “at sea” in 
their prognostications. 

Let us now consider what the three pro- 
jectors had before them. 

Bright had already proved the possibility 
of signalling through such a length of in- 
sulated wire as that involved by an Atlantic 
line; and his investigations 
had been confirmed later by 
Professor William Thomson, afterwards Lord 
Kelvin—the greatest electrician the world has 
ever seen, not even the immortal Michael 


The Outlook. 
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Faraday excepted. Again, the soundings 
showed that the bottom on which the line 
was to be deposited was unfavourable only 
in the sense of being at a far greater depth 
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embodied in a letter from the Treasury,* and 
form remarkable reading at the present day. 


The Atlantic Telegraph Company was re- 
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Fig. 4,.—FROM ORIGINAL CHART DEPICTING THE PROPOSED ROUTE FOR THE FIRST ATLANTIC 
CABLE, WITH ITS TERMINAL CONNECTIONS. 


than that to which any cable had been pre- 
viously submerged. 

There yet remained the necessity for obtain- 
ing (1) Government recognition, and, if pos- 
sible, Government subsidies; (2) the confi- 
dence and pecuniary support of the moneyed 
mercantile classes; (3) a suitable form of 
cable, as well as all the necessary apparatus 
for the laying of the same. 

After considerable hesitation and discus- 
sion, the two Governments concerned event- 
ually recognized the feasibility and importance 
of this undertaking for linking 
together the two great English- 
speaking nations, and the bene- 
fits it would confer upon humanity. Both 
the British and United States Governments 
gave a subsidy in return for free transmission 
of their messages, with priority over others. 
This, however, amounted to but 8 per cent. of 
the capital, and was payable only while the 
cable worked. The full particulars of the 
agreement with the British Government were 


Government 
Recognition. 


gistered on October 20, 1856, and the £350,000 
fixed as the necessary capital was then sought 
and obtained from the public 


in a quite unprecedented The 

, Atlantic 
fashion. There was no pro- 

: Telegraph 
motion money, no prospectus Company. 


was published ; the company 

was not advertised; neither was there at 
that time any board of directors or executive 
officers. The election of a board was reserved 
for a meeting of the shareholders, to be held 
after allotment. Any remuneration to the 
projectors was left wholly dependent on the 
shareholders’ profits being over 10 per cent. 
per annum, after which the projectors were 
to share the surplus. 

In the course of a few days the entire 
capital was raised by the issue of 350 shares 
of £1,000 each, chiefly taken up by the share- 
holders in the “‘ Magnetic’ Company, hailing 
from Liverpool, Manchester, Glasgow, and 


* Seo Life-story of Sir Charles Bright (London: Constable 
and Co., Ltd.). 
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London. Mr. Cyrus Field had reserved £75,000 
for American subscription, but this confidence 
in his compatriots proved to be altogether 
misplaced. The result has thus been re- 
counted by his brother: ‘“‘ He (Cyrus Field) 
thought that one-fourth of the stock should 
be held in this country (the United States) ; 
and he did not doubt, from the eagerness with 
which three-fourths had been taken in Eng- 
land, that the remainder would be at once 
subscribed in America.”’ In point of fact, 
it was only after much trouble that sub- 
scribers were obtained in the States for a 
total of twenty-seven shares, or less than 
one-twelfth of the total capital! Thus, not- 
withstanding the professed enthusiasm, the 
faith of the American in the project proved 
to be strictly limited—in any case, he did 
not rise to the occasion. 

The first chaitman was Sir William Brown, 
whilst Mr. J. W. Brett became an ordinary 
director. Two other names may be spccially 
referred to as destined in different ways to 
have the greatest influence in the subsequent 
development of submarine telegraphy. Mr. 
(afterwards Sir John) Pender, who was then 
a “Magnetic” director, afterwards took a 
leading part in the vast extensions that have 
followed in the Mediterranean, India, China, 
Australasia, and the Cape, besides several of the 
subsequent Atlantic lines. Up to the time of 
his death he was chairman of about a dozen, 
more or less allied, cable companies, represent- 
ing thirty millions of capital, and organized 
mainly through his foresight and business 
ability. Then, again, Professor William Thom- 
son of Glasgow University was a tower of 
scientific strength on the board. He had 
been from the start a firm believer in the 
Atlantic line. 

Mr. (afterwards Sir Charles) Bright became 
engineer-in-chief, with Mr. Wildman White- 
house as electrician. Mr. Whitehouse had 
conducted a number of independent electrical 
experiments, having been for some time in- 
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terested in the project, though formerly a 
physician by profession. Mr. Cyrus Field 
undertook the duties of general manager. 

From the outset the engineer-in-chief had 
to deal with wild and undeveloped suggestions, 
mainly from “inventors” and amateurs in 
the art, who desired to reap 


benefit from the scheme. The pees 
:; and Curious 
fallacy most frequently intro- Suppestinns: 


duced was that the cable 

would become suspended in the water at a 
certain depth. Naturally, the pressure in- 
creases with the depth on all sides of a cable 
(or anything else) in its descent through the 
sea; but as practically everything on earth 
is more compressible than water, it is obvious 
that the iron wire, yarn, gutta-percha, and 
copper conductor forming the cable must be 
more and more compressed as they descend. 
Thus, the cable constantly increases in density 
in going down, while the equal bulk of the 
water surrounding it continues to have very 
nearly the same specific gravity as at the 
surface. Without this feature in water the 
hydraulic press would be impossible. 

To obviate the above non-existent diffi- 
culty, it was gravely proposed to festoon the 
cablo across, at a given maximum depth, 
between buoys and floats or even parachutes, 
at which ships might take call, hook on, and 
talk telegraphically to shore! Others, again, 
proposed to apply gummed cotton to the 
outside of the cable. The idea was that the 
gum (or glue) would gradually dissolve, and so 
let the cable down “ quietly”?! Some, again, 
actually went so far as to take out patents 
for converting the laying vessel into a huge 
factory, with a view to making the cable on 
board in one continuous length, and submerging 
it during the process of manufacture! One 
naval expert assured the company that “no 
other machinery was necessary for paying-out 
the cable than a handspike to stop its egress.” 

Finally, a certain critic appeared to imagine; 
that the method of signalling was that olf 
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pulling the wire after the manner of mechanical 
house-bells, for he was at pains to point out 
that the bed of the ocean was too rough for 
that ! 


THe MANUFACTURE OF THE LINE. 


The construction of the cable was in due 
course taken in hand. 

The distance from Valencia, on the western 
Irish coast, to Trinity Bay, Newfoundland— 
the two landing-points selected—being 1,640 
N.M. (= nautical miles), it was estimated that 
a length of 2,500 n.m. would meet all re- 
quirements, and would provide enough margin 
for a considerable amount of “slack” cable 
for accommodating the irregularities of the 
bottom. 

The Gutta-Percha Company of London were 
entrusted with the manufacture of the “‘ core,” 
consisting of a strand of seven No. 22 B.W.G. 
copper wires, weighing 107 lbs. per N.M., 
insulated with three coatings of gutta-percha 
(to 3-inch diameter), weighing 261 lbs. per N.M. 

This formed a far heavier core than had 
been previously adopted, and on this account 
the difficulties of manufacture were pro- 
portionately increased. The enormous pres- 
sure of the ocean at such depths involved 
also a much severer test for the core. 

On the other hand, as we now know, the 
conductor—and consequently also the in- 
sulator—of such a length should have been 
still larger for the purpose of message-carrying 
capacity. The engineer of the undertaking 
(Mr. Bright) strongly championed a con- 
ductor weighing 392 lbs. per N.M., with the 
same weight for the insulator. Though such 
a core would have been a great novelty at 
that time, it closely approximated to subse- 
quent practice until higher working speeds 
were rendered possible by the introduction of 
automatic (machine) transmitting apparatus. 
But his co-projectors (the business element of 
the enterprise) were all for getting the work 
done whilst the weather permitted, attaching, 
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. perhaps, too much importance to the difference 


in the capital required. Moreover, their views 
were supported on technical grounds by the 
responsible electrician (Mr. Whitehouse), as 
well as by such high authorities as Michael 
Faraday and Morse. 

Besides the engineer being overridden in this 
matter, the word of the electrical adviser on the 
board (Professor Thomson) was also unavailing. 

More time should undoubtedly have been 
devoted beforehand to the consideration of 
some of the problems involved, such as the 
dimensions of the conductor and insulator. 
No serious fault was, however, detected 
during the manufacture, though the methods 
of those days were primitive as compared 
with present practice, and a really efficient 
system of electrical testing altogether wanting. 

After various experiments had been made 
with sample lengths of different iron wires 
made up into cable, the contract for the outer 
sheathing was, with a view to hastening the 
work, divided equally between Messrs. Glass, 
Elliot, and Company of Greenwich, and 
Messrs. R. 8. Newall and Company of Birken- 
head, both originally pit-rope makers. 

The insulated core was first surrounded with 
a serving of hemp saturated with a mixture 
of tar, pitch, linseed oil, and wax; and then 
sheathed spirally with an armour of eighteen 
strands, each containing seven iron wires of 
No. 22 B.W.G., the completed strand being 
No. 14 gauge in diameter. 

The cable (see illustration, p. 285) was then 
finally drawn through another mixture of tar. 
Its weight in air was 1 ton por N.M., and in 
water only 13°4 cwt. It stood a strain of 
3 tons 5 cwt.—equivalent to that of support- 
ing nearly five miles of its weight in water— 
before breaking. : 

For each shore end the sheathing (see 
illustration) consisted of twelve wires of 
No. 0 gauge, making a total weight of about 
9 tons to the mile. This type was adopted 
for the first 10 miles from the Irish coast, 


“AyPBOWMIOA JO peojsur A]TeUOZLIOY syYIOM posn Mou AraUIYOeUT Zurpyeeys ogy o[qeo poyaduioo ‘yw !Zumjesys g 


“AUOLOVA LY ATHVO OLINVILVY NO ONIHLVAHS ONILLOd—'G “Sir 


wd te SAR EF PRR yu 





EARLY 


and for 15 miles from the landing at New- 
foundland, in both of which localities rocks 
were known to abound. 

Only four months were allowed for the 
manufacture of these 2,500 miles of cable. 
Both conductor and sheathing being com- 
posed of strands, the entire length of copper 
and iron wire employed was 340,500 miles— 





enough to engirdle the earth thirteen times, 
and considerably more than enough to extend 
from the earth to the moon. 





Fig. 7.—FIRST ATLANTIC SHORE END CABLE. 


Whilst having certain mechanical advan- 
tages, the stranded form of sheathing was 
found subsequently to possess certain defects, 
and to give a not very durable type of cable. 
It is in consequence never used nowadays. 
The contract price for the entire line was 
£225,000, whereas an Atlantic cable of the 
present day—with a much larger core—runs 
into half a million sterling. 

As fast as the line was made at the re- 
spective factories it was coiled into iron tanks 
ready for shipment. 


Surps AND PAYING-OoUT MACHINERY. 


In addition to the cable itself, suitable 
ships had to be procured and prepared for 
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subsequently laying it across the ocean. The 
British and American Governments agreed to 
lend vessels for the purpose. The Admiralty 
placed at the disposal of the company 
H.M.S. Agamemnon, one of the finest screw- 
propelled battleships of that time, with a 
magnificent ‘hold, 45 feet square and about 
In this capacious receptacle 





Fig. 6.—FIRST ATLANTIC CABLE (DEEP SEA TYPE). 


nearly half the cable was stowed from the 
works at Greenwich. 

The American Government sent over the 
largest ship in their navy, the U.S. frigate 
Niagara, a screw-corvette of 5,200 tons. As 
a consort, the U.S. paddle-frigate Susquehanna 
was also detailed for the expedition ; whilst 
H.M.S. Leopard and H.M. sounding - vessel 
Cyclops were similarly provided by our Govern- 
ment. The latter was to precede the fleet— 
nicknamed the ‘“ Wire Squadron ’”’—to show 
the way. 

Apparatus for the manufacture of the cable 
was already in existence ; indeed, the sheath- 
ing machinery was practically the same as 
that employed for constructing pit-ropes. 
But this being the first ocean line, special 
apparatus had to be made for submerging 
a cable satisfactorily in great depths. The 
somewhat primitive gear employed on previous 
cable-laying enterprises had proved to possess 
insufficient restraining force, the line, when 
being laid in any but quite shallow water, 
having more than once obtained the mastery. 

In the new machine supplied by the then 
famous firm of Messrs. C. de Bergue and 
Company there was no lack of holding-back 
power. It was, indeed, so heavy and power- 
ful that it tended to break the cable under 
any material strain. Here the degree of 
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Fig. 8.—cCABLE COILED INTO FACTORY TANKS. 


retardation was regulated by a hand-wheel 
actuating a frame-clutch surrounding the 
outside of a brake-wheel. 

Owing to an unfortunate arrangement with 
the ‘‘ Newfoundland Company,” too short a 
time was allowed to provide satisfactorily for 
the work about to be undertaken, and the 
paying-out apparatus for the two vessels was 
somewhat hurriedly constructed. 


PREPARATIONS FOR THE START. 


By the third week in July of 1857 the 
great ships had absorbed all their precious 
cargo—the Agamemnon in the Thames and 
the Niagara in the Mersey. 

For such an undertaking a complete and 
sufficient engineering and electrical staff must 
be collected. The engineer-in-chief (Mr. 
Bright) had as assistants in the engineering 
department the following :—Mr. (afterwards 
Sir Samuel) Canning, who had laid the Gulf 
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of St. Lawrence cable ; Mr. W. H. Woodhouse, 
who had laid some of the cables in the Mediter- 
ranean; Mr. F. C. Webb, with considerable 
experience in early cable work ; * and, finally, 
Mr. Henry Clifford, a mechanical engineer, 
destined to be responsibly associated with a 
large proportion of the cables since laid. 
Besides Mr. Whitehouse, there were on the 
electrical staff Mr. C. V. de Sauty, Mr. J. C. 
Laws, Mr. F. Lambert, Mr. H. A. C. Saunders, 
Mr. Benjamin Smith, Mr. Richard Collett, and 
Mr. Charles Gerhardi, all of whom were 
afterwards prominently connected with sub- 
sequent submarine cable enterprises. Their 
respective energies were divided up between 
the two laying vessels. Professor Morse (who 
held a sort of watching brief for the United 
States Government) also took passage, but 
had to retire to his berth as soon as the ele- 


* Mr. Webb’s place was subsequently filled by Mr. W. 
E. Everett, U.S.N., who on this first expedition served as 
marine engineer of the Niagara. 
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ments asserted themselves, and was seldom 
visible again till all was over; whilst Mr. 
Whitehouse was compelled to restrict his 
influence to the end of the cable at the Irish 
station, his health not permitting him to 
accompany the expedition. 

On the vessels being fully loaded ready for 
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the vicar of the parish for ba success of 
the undertaking. 

The cable having had to be divided be- 
tween two ships, a splice between each 
length of cable was obviously necessary. 
The engineer-in-chief (Mr. Bright) desired that 
both ships should start laying from mid- 
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Fig. 9.—-U.s8. N.S. “ NIAGARA,” 
the start, ‘“‘send off” festivities occurred. 
These functions having been duly consum- 
mated, the ‘‘ Wire Squadron ”’ met at Valencia 
Bay in preparation for the work about to be 


embarked on. 


THe First START. 


The day after the rendezvous was occupied 
in landing the shore end in a little cove 
named Ballycarberry, some three miles from 
Valencia Harbour, with the aid of the two 
small steamers Willing Mind and Advice, be- 
sides several launches and boats. 

His Excellency the Lord-Lieutenant of 
Treland was present and made an appro- 
priate speech, followed by a prayer from 
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USED FOR LAYING HALF OF THE FIRST ATLANTIC CABLE. 


occan towards their respective shores. By 
that plan favourable weather for the splice 
could be waited for, the time occupied in 
laying the line would be halved, thereby 
reducing the chances of mishaps due to bad 
weather intervening, and the most difficult 
part of the work in deep water would be dealt 
with first. 

The electricians, however, laid stress on the 
importance of being in continuous communica- 
tion with shore during laying operations ; and 
their views prevailed with the board, partly, 
it would seem, on account of the novelty of 
being able to speak from headquarters to a 
ship as she proceeded across the Atlantic. It 
had, therefore, been arranged that the laying of 
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Fig. 10.—LANDING THE IRISH END OF THE FIRST CABLE AT VALENCIA, AUGUST DTH, 1857. 


the cable should be started by the Niagara 
from the Irish coast, the Agamemnon laying 
the second half from mid-ocean. 

The fleet got under way early on the morn- 
ing after the landing of the shore end, and 
paying-out was commenced from the Niagara’s 
forepart. From the very outset the machinery 
did not seem to take kindly to its work, giving 
vent to many ominous groans; and after five 
miles of cable had been disgorged, the line 
caught in some of the apparatus and parted. 
The good ship therefore put back, and the 
cable was under-run by the Willing Mind, 
with boats, the whole distance from the shore. 
The end was ultimately reached and spliced 
on to the coil aboard, after which laying 
operations were resumed with much caution 
and some uneasiness. 

In the words of an eye-witness: “ All 
through that night, and through the anxious 
days and nights that followed, there was a 
strange unnatural silence on the ship. Men 


paced the deck with soft and muffled tread, 
speaking only in whispers, as if a loud or 
heavy footfall might snap the 


vital cord.’’ Slowly passed the page 
Work. 

hours of each day, and of 

each night. Well, no man slept. A thousand 


eyes were indeed continuously watching a 
great and noble experiment. 

However, the paying-out machine did its 
work, and though it made a constant rumble 
in the ship, that dull, heavy sound was music 
to the engineers, for it told them that all 
was well. The ships were getting further and 
further away from land, steaming at the rate 
of four and five knots. The cable was, of 
course, paid out a little faster than the ship’s 
speed through the water, in order to allow 
for the inequalities at the sea bottom. Whilst 
the line was thus going overboard, com- 
munication through it was kept up with the 
Irish station end, recording the progress 
made, ete. 
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A submarine mountain, in the midst of a 
steep descent from 550 to 1,750 fathoms, was 
successfully negotiated. Everything went well, 
indeed, till early on the fourth 
day, when the cable snapped, 
owing to mismanagement on 
the part of the mechanic at the brakes. The 
machinery having stopped, all hands rushed 
on deck and gathered in mournful groups: 
their tones were sad, their voices low, as though 
a death had occurred on board. 

This untoward accident was naturally a 
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PREPARATIONS FOR ANOTHER ATTEMPT. 


The squadron made for Plymouth to unload 
the cable into suitable tanks, some of the ships 
not being available much longer till the 
following year. 

A little later the engineer-in-chief pro- 
ceeded to Valencia in a small paddle-steamer 
with a view to picking up some of the lost 
cable from that end. Over fifty miles were 
recovered, and the shore end buoyed ready 
for splicing on the following year. 
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Fig. 11.—SHIPPING CABLE ABOARD H.M.8. “ AGAMEMNON,” THE VESSEL WHICH ACTED IN CONCERT 
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matter of great disappointment to every one 
concerned ; for there was not enough cable 
left to complete the work, nor was there time 
to get more made to renew the attempt before 
the season would be too far advanced. The 
only course open was to return home, and 


await developments. 
(1,408) 


19 


IN LAYING THE FIRST ATLANTIC CABLE. 


The first expedition had opened the eyes 
of the investing public to the vastness of the 
undertaking, and led many to doubt who 
did not doubt before. This decline of faith 
was especially shown as soon as there was a 
call for more money. The loss of 335 miles 
of cable, with the postponement of the expe- 
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dition to another year, was equivalent to a 
loss of £100,000, which required to be mad 
good. : 

New capital was not readily obtainable. 
The projectors found it hard to stem a rising 
tide of popular distrust. Moreover, the scc- 
tion of the public who scouted the idea of an 
Atlantic telegraph had always been in excess 
of those who believed in it. But the de- 
pression which set in at the untimely ter- 
mination of the first expedition did not 
interfere with renewed and vigorous efforts 
to prepare for a second, the projectors being 
made of stout stuff, and in the end the 
appeal to the shareholders for more money 
met with a noble response. | 

The directors were then enabled to arrange 
for the manufacture of 700 miles of new 
cable to replace what had been lost, and to 
provide a surplus against all contingencies. 
Thus, 3,000 nautical miles in all were shipped 
this time, instead of 2,500 miles. 


New paying-out gear was devised and con- 
structed with a view to obviating a recurrence 
of the accident that had ended the first 
expedition. 


In the new apparatus the brake (see Fig. 13) | 


was so arranged that a lever exercised a 
uniform holding power in exact proportion 
to the weight attached to it (see illustra- 
tion page 292); and while capable of being 
released by a hand-wheel, it could not bo 
tightened. 

The general idea of this clever appliance 
had been originally introduced by Mr. J. G. 
Appold in connection with the crank apparatus 
in jails; and it was now specially adapted to 
the exigencies of cable work by the engineer 
(Mr. Bright) in conjunction with Mr. C. E. 
Amos of Easton and Amos, the firm which 
constructed the entire machinery. (Fig. 14.) 
By this apparatus only a maximum, agreed, 
strain could be applied, this being regulated 
from time to time by weights, according to 
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the depth of water and consequent weight 
of cable paid out. 

The action of the gear is as follows :—In 
passing from the hold to the stern of the laying 
vessel, the cable is taken round a drum or 
drums. To the shaft of each of the drums 
A and B is a wheel fitted with an iron friction 





Fig. 13.—pDIAGRAM TO SHOW PRINCIPLE OF SELF- 
RELEASING BRAKE. 


The two ends of the brake strap are attached by links C 
and D to a lever, pivoted at one end, and having regulating 
weights suspended from the other. A decrease of speed and 
increase of friction tends to revolve the blocks in an anti- 
clockwise direction, and to raise the weight. As B is further 
from the pivot than is A, the brake strap is slackened, and 
the speed of the drum allowed to increase. The piston in 
the dash-pot has a small hole in it, through which the liquid 
has to pass when the piston moves. This prevents too sudden 
movements of the weight. 


strap (to which are fixed blocks of hard wood) 
capable of exerting a given retarding power, 
varying with the weights hung on to the 
lever N, which tightens the strap. When 
the friction becomes great the wheels have 
an increased tendency to carry the wooden 
blocks round with them ; thus, the lever bars 
are deflected from the vertical line, and the 
iron band is opened sufficiently to lessen the 
brake power. 

Bright also introduced a much improved 
dynamometer apparatus for indicating and 
controlling the strain during paying - out. 
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Fig. 14.—D14GRAMS TO SHOW THE PRINCIPLES OF BRIGHT’S 


PAYING-OUT GEAR. 


(For explanation see text. 
omitted from the plan.) 


The working of the entire gear (Fig. 14) was 
as follows :— * 

‘“* Between the two brake drums and the 
stern of the vessel the cable was led under 
the grooved wheel O of the dynamometer. 
This wheel had a weight attached to it, and 
could be moved up or down in an iron frame. 
If the strain upon the cable was small, the 
weighted wheel would, by its own weight, 
bend the cable downwards, and its index 
would show a low degree of pressure; but 
whenever the strain increased, the cable, in 
straightening itself, would at once lift the 
dynamometer sheave with the indicator at- 
tached to it, the latter thereby showing the 
tension in hundredweights and tons. The 
amount of strain with a given weight upon the 
wheel is determined by experiment, and a 
hand-wheel, or winch, controls the levers of 
the paying-out machine placed immediately 


opposite the dynamometer. So that directly 

* Submarine Telegraphs: their History, Construction, and 
Working. By Charles Bright, F.R.S.E., A.M.Inst.C.E., 
M.LE.E. (London: Crosby Lockwood and Son.) 
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Some of the details shown in the clevation aro 
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the indicator shows the strain 
to be increasing, the mechanic 
in charge, by turning the winch, 
can at once, wholly or par- 
tially, release the weights that 
tighten the friction straps, so 
letting the cable run more or 
less freely through the” spaying- 
out machine. 

“The cable in coming from 
the tanks passes under a 
lightly - weighted ‘jockey’ 
pulley, which arrangement, 
whilst leading the line on to 
the drum, also checks it 
slightly. 

“From here it is guided by 
a grooved pulley or V-sheave, 
L, along the tops of both 
drums A and B, thon three (or 
four) times round them, and 
hence over another V-sheave, 
F, and under the dynamometer sheave O. 
From here the cable passes over a second 
pulley, from whence it is led into the sea by 
the sheave at the stern of the vessel.”’ 

The entire apparatus—simplified as regards 


Cable from 
Tan 






the brake—has since been universally adopted 


for submarine cable work, with the exception 
that a single flanged drum fitted with a sort 
of plough, skid, or knife-edge—to guide or 
“ fleet’ the incoming turn of cable correctly 
on to the drum—is now applied in place of the 
grooved sheave, or sheaves, forward of the 
paying-out machine. 

As soon as the new gear was installed, all 
the engineering staff were gathered together 
for the purpose of thoroughly acquainting 
themselves with its working. 


Since the manufacture of the cable in 1857 
Professor Thomson had become convinced 
that the electric conductivity of copper varied 
greatly with its degree of purity. As a result 
of the professor’s further investigations, the 
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extra length of cable made for the coming 
expedition was subjected to searching tests 
for the conductivity of the copper wire, 
every length being rejected that fell below 
a certain value. 

At this period Professor Thomson also 
devised the mirror signalling instrument, which 
entirely revolutionized long distance teleg- 
raphy through cables. 

This ingenious invention consists of a small 
and exceedingly light steel magnet, M (Fig. 
15), with a tiny mirror fixed to it, both together 
weighing little over a grain. This delicate re- 





Fig. 15.—THE MAGNET AND MIRROR OF A 
REFLECTING GALVANOMETER. 


flecting magnet is suspended from its centre 
by a filament of silk and surrounded by a coil 
of the thinnest insulated copper wire. 

A very weak current is sufficient to pro- 
duce a slight, scarcely perceptible, movement 
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Fig. 16.—REFLECTING GALVANOMETER AND 
SPEAKER. 


of the suspended magnet when electricity 
passes through the surrounding coil. 

A fine ray of light from a shaded lamp 
(see Fig. 17) at a short distance is directed 
through a slot in the screen shown, thence 
to the open centre of the coil A upon the 
mirror, which reflects it back to a graduated 
scale B. 

As may be inferred from the illustration, 
an exceedingly slight angle of deflection of 
the magnet A is thus made to magnify the 
movement of the spot of light upon the scale 
B sufficiently for ready and accurate observa- 
tion by the operating clerk. 

By a combination of these movements of 
the speck of light, Morse alphabet letters and 
words are read off as sent by a key at the 
transmitting end of the cable. 
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Fig. 17.—pIaGRAM TO ILLUSTRATE THE PRINCIPLE OF THE REFLECTING GALVANOMETER. 
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The magnet is artificially brought back to 
zero with great precision after each signal by 
the earth’s magnetism, as well as by the 
natural torsion of the fibre and the action of 
an adjusting magnet. The said adjusting 
magnet is readily regulated by a thumb-screw 
as required. 

In this highly efficient apparatus Professor 
Thomson turned to account the imponder- 
ability of light for magnifying the signals 
transmitted through a cable. The system 
was also adopted for testing purposes, and 
did good service in this respect, until the 
inventor introduced something better suited 
to the special requirements. 
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Mr. Bright arranged for a preliminary ex- 
pedition on this occasion to rehearse the 
various operations to be performed during 
cable manouvres. These operations—per- 
formed in the Bay of Biscay—consisted of 
making splices, and of picking up and buoy- 
ing (as well as laying) cable jn deep water. 

It was agreed that this time paying-out 
should start from mid-ocean; further, that 
the main cable should be buoyed at either 
end, and that connection with it by heavy 
cable from shore should be effected at the 
first favourable opportunity. 


(To be concluded.) 





Fig. 18.—This illustration gives a general view of the paying-out 


apparatus mounted on the deck of the Agamemnon. 


The gear 


gave complete satisfaction during the trial trip, when all the 
engineering operations were gone through successfully, and the 
electrical working of the entire cable was perfectly satisfactory 


throughout. 





THE WATER-POWER STATIONS OF 
NIAGARA FALLS. 


BY JOHN GEORGE LEIGH. 


- HERE are the wheels?” is the 
not unnatural inquiry of many 
latter-day travellers who, for the 

first time, gaze upon Niagara FTalls—their 
attention divided between the bewildering 
roar and blinding mist of the rushing waters, 
and their futile attempts to trace amidst the 
latter some outline of the scores or hundreds 
of monster paddie-wheels which imagination 
had suggested would be found protruding 
from the face of the cataract. 

Then they learn that it is not the waters 
which pass over the Falls, but those of the 
Niagara River immediately above, which 
have been confined to generate that subtle 
and elusive force now adaptable, at the will of 
man, to turn the shafts of great factories, 
light the streets and homes of far-away cities, 
and propel the cars of long-distance traction 
Systems. 


Above and below the Falls, on each side 
of the Niagara River, are many buildings, 
known as power-houses or distributing stations, 
where the wondrous energy is 


generated, or from which it is ‘i At 
transmitted, at pressures suit- eos 


Falls. 
able for various roquirements, 


to consumers in the neighbourhood or in 
distant places, sometimes 150 miles away. In 
these buildings are installed the largest, most 
powerful, and most complete electrical plants 
the world has yet produced—marvels of 
capacity, ingenuity, and workmanship. Not 
always at the surface, however, but sometimes 
buried in secluded chambers burrowed deep 
in mother Earth, are found the great water 
turbines. . 

To appreciate fully the circumstances which 
have made the neighbourhood of Niagara one 
of the most notable manufacturing centres of 
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MAP OF NIAGARA FALLS, SHOWING POSITION OF THE 


POWER-SUPPLY COMPANIES. 
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there is a difference of 596 feet, and of 
this descent a fall of no less than 326 
feet occurs in the thirty-six miles of river, 
flowing northward, which unites Lakes 
Erie and Ontario. 

This river, the Niagara, on issuing from 
Lake Erie, is about three-quarters of a 
mile wide, but as it flows on it broadens 
considerably, embracing 
many islands. Of these 
the largest is Grand 
Island, 12 miles long, and from 2 to 7 
miles broad. At the foot of this, 1} miles 
from the Falls, the river is contracted 
to a width of 2} miles, and gradually 
narrows as it proceeds. This and a descent 
in the channel of 60 feet within a mile 
produce the swift currents known as the 
Rapids. Immediately above the Falls, 
which are 22 miles from Lake Erie, the 
river is divided by an island, having an 
area of about 75 acres, called Goat. 
Island. Consequent, however, upon a 
sharp bend in the channel, most of the 
water passes to the Canadian side, and 
is precipitated into the lower river over 


Physical 
Features. 


1. Intake and head works of the Ontario Power Company. 2. 
Conduits through Queen Victoria Park. 3. Generating station. 4. 
Distributing station.—5. Intake of the Electrical Development Com- 
pany. 6. Generating station. 7. Distributing station. 8. “Deal 
Water” tunnel under river bed and centre of the Horse-shoe Fall.— 
9. Canadian Niagara Power Company's head works and generating 
station. 10. Distributing station. 11. Discharge tunnel.—12. 
Powor-house No. 1 of the Niagara Falls Power Company. 18. Power- 
house No. 2. 14. Underground discharge tunnel.—15. Niagara 
Falls Hydraulic Power and Manufacturing Company's canal. 16. 


the Horse-shoe Fall, a mighty cataract 
more than 2,600 fcet in width and 159 
feet high. To-day its title is somewhat 
less appropriate than when originally 
bestowed, for, as a result of continual 
wearing away, the curve has become al- 
most angular. 


Fore-bay. 17. Power-house No. 2. 18. Power-house No. 3. 


the world and the Mecca of electrical engineers, 
some knowledge of the water system of the 
region is almost indispensable. The Niagara 
River and its rapids and cataracts are a link 
in that chain of great lakes, long since united 
by navigable channels, which give to the 
United States and Canada, in the heart of a 
continent, what is virtually a third sea-board. 
Between the surface of Lake Superior and the 
water level in the estuary of the St. Lawrence 


The separation of the channel caused by 
Goat Island leaves a long wall of rock be- 
tween the Canadian and American Falls, the 
latter being again divided by an islet close to 
Goat Island. Just above the American Fall, 
which is nearly ten feet higher than the Horse- 
shoe, but only 1,000 feet in width, the river is 
divided by Green Island, and spanned by 


bridges connecting this and Goat Island with 


the shore. The greatest depth of the river 
immediately below the Falls is about 192 feet. 
The strength of the current lessens for about 
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THE AMERICAN FALL. 


298 


6 . 


9 

4 

EL 
: 


wee iene | 
gee | 8 La aM, 


athe « 


ENGINEERING WONDERS 


sagen) + i ie oh ro et ae HEAR 45, a ie ae a" a ae sea ee 





OF THE WORLD. 


SCENE DURING CONSTRUCTION OF POWER-HOUSE NO. 33} OF NIAGARA FALLS HYDRAULIC POWER AND 


MANUFACTURING COMPANY. 


Connections for eleven others visible in fore-bay wall. 


mile, but increases again as the channel 
narrows, until at length, almost midway 
between the Falls and Lewiston, there is 
formed a great circular basin, with an almost 
impassable whirlpool. Between the Falls and 
this locality the difference in the level of the 
river is about 85 feet. 

When Father Hennepin, in 1678, turned 
aside from his religious and commercial pur- 
suits to investigate the reports of his Indian 

guides, and become the first 


retary oF European to view that “ great 
Power ae 
Development. and prodigious cadence of 


waters which falls down after 
& surprising and astonishing manner, insomuch 
that the universe does not afford its parallel,” 


ONE PENSTOCK COMPLETED AND A SECOND PARTLY BUILT. 


(Photo, Orrin E. Dunlap, Niagara Falls, N.Y.) 


he found an insurmountable obstruction to 
progress further westward. Later, however, 
the swiftly-running waters were used for 
sawing timbers with which -+to build forts 
for the protection of the settlers; as the 
population increased, for grinding corn; and 
eventually, in 1825, for running paper-mills. 

Of the several companies which claim to 
have been pioneers of the great electro- 
industrial development of Nia- 


ara, by supplying electrical “ydraulic 

aa se pl nt power aad 
a P Manufacturing 

poses, the Niagara Falls Hy- com pany: 


draulic Power and Manufac- 
turing Company seems to us unquestionably to 
merit the distinction. Fort he purpose of power. 


WATER-POWER 


production there had 
been completed, in 1861, 
after some vicissitudes, 
a canal extending from 
Port Day, on the upper 
Niagara River, to the 
edge of the high bank 
: on the American side 
o. 
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about half a mile below 
the Falls. Owing, how- 
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DIAGRAM OF POWER-HOUSE OF THE NIAGARA FALLS 
HYDRAULIC POWER AND MANUFACTURING COMPANY, 
SHOWING PENSTOCK CARRIED DOWN THE CLIFF FROM 


THE CANAL TO THE TURBINES. 


ever, to the outbreak of the Civil War, 
further operations ceased, and for years the 
stream flowed over the cliff unused. In 1877 
the Hydraulic Power and Manufacturing Com- 
pany was formed, purchased the canal, and 
began the construction of a mill equipped to 
give 900 horse-power under a 50 feet head 
of water. The iron flumes, 9 feet in diameter, 
carrying water to the wheels, were the first 
iron penstocks to be used at Niagara. The 
head on the mill was eventually increased to 
86 feet, the highest up to that time utilized 
in the district. 

With the construction, in 1881, of its first 
hydro-electric station, the same company 
opened a new epoch in the history of industrial 
development, and showed the world how to 
use large volumes of high-pressure water. 
Pits were sunk in the rock near the edge of 
the cliff to depths varying from 25 to 86 feet, 
and at the bottoms were placed turbines with 
vertical shafts for bringing the power to the sur- 
face of the ground, the ‘‘ dead” water being dis- 
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charged through tunnels into the gorge below. 
Within a few years, however, such rapid pro- 
gress was made in the methods applied to the 
development of power under high heads that 
this enterprise was dwarfed to comparative 
insignificance by the side of the larger opera- 
tions initiated by the same company and 
other corporations. 

In the map printed on page 296 are shown 
the positions occupied by the generating 
stations, etc., of the principal power- 
supply companies on the Canadian and 
American sides, taking water directly 
from the Niagara River. These under- 
takings, it should be clearly understood, 
however, only partially represent the 
present stage of development of power 
production in the Niagara region. 

Although, of course, each of the great 
plants has distinctive features, hydraulic 
or electrical, all are based upon fixed 
principles. These are :—An upper level, 
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POWER-HOUSE NO. 2, NIAGARA FALLS POWER 
COMPANY. 


from which the necessary volume of water can 
be diverted ; penstocks or pipes through which 
this diverted water falls; a 
lower level into which it can 
be discharged; and _ suitable 
means—-turbines, or water-whecls, placed at 
the lower end of the penstocks—for convert- 
ing the kinetic energy, or momentum gained 
by the water during its fall, into a form of 
power readily controlled and utilised. 

This being so, it is quite possible to classify 
in two more or less well-defined groups the 
great hydro-electric installations of Niagara. 
In the installations of the first group, in order 
to secure the required head of water, deep 
pits are sunk in the rock for the reception 
of the turbines, and these are coupled by 
vertical shafting with their respective gener- 
ators placed immediately above on the lower 
floor of the power-house. Where, however, 
the power-house is built on a level consider- 
ably below that of the intake chambers, wheel- 
pits are dispensed with, the turbines are 
installed on the lowest floor of the power- 
house, and are coupled direct to generators 
placed alongside or on an upper floor. 

For purposes of illustration, let us consider, 
as especially typical of the first group, the 
installations of the two associated enterprises 


General 
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—the Niagara Falls and Canadian Niagara 
Power Companies. 

Ground was broken at Niagara Falls, New 
York, in October 1890 for the initial power 
installation of the American company, and 
five years later energy was 
delivered commercially from 
its No. 1 power-house, which 
then had a capacity of 15,000 
horse-power. To-day, however, the aggregate 
amount of power developed by the same com- 
pany and its allied company on the Canadian 
side is 220,000 horse-powcr, with a loss to 
the Falls themselves of not more than five 
per cent. of their total discharge. 

In these plants the same general design has 
been followed. The water is drawn from the 
level of the upper river through intake canals, 
and is thence distributed to inlet chambers 
at the head of each penstock, the latter, in 
the case of the American plants, being 7°5, 
in that of the Canadian installation 10°2, feet 
in diameter. The chambers are protected 
along the front by iron gratings which keep 
out floating ice, logs, etc., and also, in two 
of the plants, by an apron wall so built that 
the water passes from the intake canal into 
a covered rack chamber through arched 
openings placed below the surface. 


Niagara Falls 
Power 
Company. 





ENCLOSED FORE-BAY, SHOWING ICE RACKS, POWER- 
HOUSE NO. 2, NIAGARA FALLS POWER COMPANY. 


WATER-POWER STATIONS OF NIAGARA FALLS. 


301 





A WHEEL-PIT OF THE NIAGARA FALLS POWER COMPANY, WITH STEEL FRAME FOR FLOOR OF POWER- 
HOUSE PARTLY CONSTRUCTED. 


(Photo, Orrin E. Dunlap, Niagara Falls, N.Y.) 


The lower level for the discharge of the 
water carried through the penstocks is ob- 
tained by sinking through the rock, for a 
distance equal to the height of the Falls, a 
long, narrow shaft, or wheel-pit, over which 
the power-house itself is built. Down this 
shaft passes a series of parallel vertical pen- 
stocks, carrying to the turbines below the 
water diverted from the river. On leaving the 
turbines the water falls to the bottom of the 
pit, and thence finds an outlet to the lower 
level of the river below the Falls through a 
long tunnel, cut in the rock at an average 
depth of 200 feet below the surface. 

The. mechanical power developed by each 


turbine is transmitted to the electrical gener- 
ators installed on the power-house floor by 
revolving vertical steel shafts passing up 
through the wheel-pit, there being one gener- 
ator for each turbine. A governor placed at 
the side of a gencrator operates valves in its 
turbine below, automatically controlling the 
supply of water in accordance with any change 
in the amount of electrical output by its gener- 
ator, thus maintaining a constant speed what- 
ever variations occur in the load. In the two 
power-houses on the American side the capa- 
city ‘of the turbi 1es and generators is 5,000 or 
5,500 horse-power each, while in the Canadian 
plant units of 10,000 horse-power are installed. 
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ONE OF THE NIAGARA FALLS POWER COMPANY'S 
5,000 HORSE-POWER TURBINES. 
{Phoio, Orrin E. Dunlap, Niagara Falls, N.Y.) 


The total weight of the revolving parts of 
cach turbine and electric generator, together 
with the sections of hollow and solid shafting 
connecting the two, amounts 
in some cases to 66, in others 
to 112, tons. To support and 
counterbalance these ponderous masses of 
revolving metal, are used, first, the upward 
pressure of water in a compartment of the 
turbine wheel-case acting upon the lower 
surface of a disc secured to the shaft; and, 
secondly, a thrust-bearing, placed in each 
vertical shaft just below the 
power-house floor. In No. 2 
power-house of the Niagara 
Falls Company, and in the 
Canadian plant, the thrust- 
bearing consists of two discs, 
between which oil is forced 
under pressure, the lower disc 
being stationary, and the 
upper one attached to the 
revolving shaft. 

From the generators the 
power, now converted into 
electrical energy, is distrib- 
uted through copper cables 
to the main copper “ bus” 
bars placed in a subway 


The 
Machinery. 
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below the power-house floor ; and from them 
is sent out over feeder cables enclosed in 
underground ducts to local 
consumers, or to the “step- 
up” transformer stations for transmission at 
higher voltages to distant towns and indus- 
trial establishments. This change of tension, 
designed to decrease as much as_ possible 
the transmission losses and cost of trans- 
mission lines, is effected by a number of 
air-blast or oil-insulated, water-cooled trans- 
formers, of capacities ranging from 1,250 to 
2,500 horse-power. The transformer plants 
on the American side change the current 
from 2,200 volts to 11,000 or 22,000 volts, as 
may be required; while the transformers of 
greater capacity included in the Canadian 
company’s plant convert the generated current 
from 11,000 volts, three-phase, to 22,000, 
33,000, 38,500, or 57,500 volts, three-phase, 
by slight changes in the connections. 

All three plants are linked up by heavy 
copper cables, so that power generated in any 
one may be sent out direct to the consumers 
usually supplied by it, or transmitted to 
either of the other two plants for similar 
distribution. The system consequently is a 
single unit of great flexibility with ample 


Transformers. 





SKETCH SHOWING GENERAL ARRANGEMENT OF NIAGARA FALIS 
POWER COMPANY'S INSTALLATIONS. 
P, penstocks; S, shafts, in wheel-pits, at the bottom of which are the turbines. 
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PENSTOCK 


SECTION OF ONE OF THE TURBINES IN THE NIAGARA 
FALLS POWER COMPANY'S INSTALLATION. 


Tho revolving parts are shown in solid black. A, body of 
turbine; B, fixed guides through which the water is directed 
against turbine vanes revolving outside, and attached to 
W!', W?; GG, governors regulating amount of water passed 
through tho vanes. 


reserve power, ensuring continuous and un- 
interrupted service. On lands adjoining the 
power-houses on the American side are the 
establishments of many well-known manu- 
facturing companies, to which power is dis- 
tributed by means of a subway 2,155 feet 
long, and vitrified tile conduits of a total 
length of more than 200 miles. On the 
Canadian side of the river the local dis- 
tributing plant consists of two three-phase 
overhead circuits, each about 5 miles long. 
For long-distance distribution there are at 
various points sub-stations, in which step- 
down transformers, converters, etc., are in- 
stalled, and from which power 
is supplied to consumers at 
convenient tensions. From the American step- 
up transformer station two distinct pole lines, 
19°5 and 22°56 miles long, carry transmission 
circuits to Buffalo and other places. The 
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poles on the Canadian side are of special 
design and construction, the conductors being 
aluminium cables of thirty-seven strands. 
The annual total output of the three plants 
now exceeds 600,000,000 kilowatt-hours, to 
produce which by steam would require a daily 
consumption of nearly 3,000 tons of coal. 

Some mention requires to be made of the 
circumstances under which American capital- 
ists were encouraged to take such an active 
part in the earlier develop- 
ment of hydro-electric power 
on the Canadian side. To 
assist such development the Dominion Govern- 
ment and Commissioners of the Queen Victoria 
in 1892, the 
necessary franchises. The promoters, how- 
ever, after several futile attempts to float 
the scheme in Canada and England, turned 
it over, at a nominal sum, to the American 
corporation. It was, consequently, not until 
1901, when the Ontario Power Company was 
becoming active and the second power-house 
of the Niagara Falls Power Company was 
approaching completion, that actual develop- 
ment began. The plans foreshadowed many 
notable advances in general design and equip- 
ment on previous similar installations, and 
the hopes founded upon them were in no 
sense disappointed. The power-house, trans- 
former station south of the park, entrance 
canal, and fore-bay, and, indeed, all exposed 
accessories to the enterprise, present a pleas- 
ing appearance, not out of harmony with the 
scenic beauties of their situation. 

Thanks to its developments during recent 
years, the Hydraulic Power and Manufacturing 
Company (that first mentioned) continues to 
hold a foremost position among the great 
power-supply companies of Niagara. The 
construction of its No. 2 power-station was 
begun in 1895, and that of No. 3 eight years 
later. To obtain the water required to operate 
the combined plants, the company’s canal 
was widened to 100 feet, and its depth in- 
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creased to 14 feet; and with it has been 
connected a fore-bay, 450 feet in length. 
extending along the top of the cliff. 

Station No. 2, 170 feet long by 100 feet 
wide, is situated at the water’s edge in the 
gorge, and is so designed that the water 

can be used, under the full 


The available head of 210 feet, by 
Hydraulic the turbines and generators 
ores ,. mounted on horizontal shafts. 
Company’s ; : 
Latest Power- Lhere are now in operation 
Houses. in this power-house sixteen 


turbines, with a combined ca- 
pacity of 34,000 horse-power, most of them re- 
ceiving thcir supply of water through 11 feet 
steel penstocks. The electrical equipment is, 
in the main, in the form of low potential 
direct-current apparatus. For lighting, how- 
ever, it includes one 2,200-volt alternating 
current generator, and for power service two 
11,000-volt alternators. 
The latest station of the Hydraulic Power 
Company is 500 feet long by 95 feet wide, 
also built at the base of the cliff. Running 





SHOWING THE PROJECTING ARMS AT CLIFF TOP TO CARRY HIGH- 
TENSION CABLES. 


(Photo, Orrin H. Dunlap, Niagara Falls, N.Y.) 
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SWITCH-BOARD, CANADIAN NIAGARA FALLS COM- 
PANY’S POWER-HOUSE. 


lengthwise through the building is a solid 
concrete wall, separating the 
water- wheel and_ generator- 
rooms. The turbines, each 
having a capacity of 10,000 
horse-power, are of the hori- 
zontal shaft type, and make 
300 revolutions per minute. A 
considerable percentage of the 
power generated at this station 
is supplied, in the form of 
direct current at 625 volts, to 
the new plant of the Alu- 
minium Company of America, 
situated at the top of the cliff, 
and within 100 yards of the 
power-house.’ For the use of 
other local consumers—the Hy- 
draulic Power Company has no 
long-distance transmission lines 
—nine 12,000-volt, 6,500-kilo- 
watt, three-phase, 25-cycle 
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SCENE IN CANADIAN NIAGARA FALLS POWER COMPANY'S STATION. 


GENERATORS OF 10,000 HORSE- 


POWER EACH. 
(Photo, Orrin E. Dunlap, Niagara Falls, N.Y.) 


alternators are installed. The distributing 
cables are taken up the bank in wire towers 
built into the concrete between the penstocks. 

Many special features, hydraulic and elec- 
trical, are found in the plant of the Ontario 
Power Company, the most recent and largest 


of all. The promoters and 

The Ontario engineers of this enterprise, 

hihaaed for which a charter was granted 
Company. See 


by the Dominion Government 
in 1887, and acquired by the present owners 
three years later, found themselves in the 
very beginning faced by a knotty problem. 
Where could they tap the waters of the 
upper river without interfering with the 
rights of the two other Canadian companies, 
and without defacing natural beauties? and 


where find room for the intake canal, tail-race 
(1,408) 


20 


or tunnel, wheel-pit, and power-house—all to 
be of unusual proportions, suitable to the 
magnitude of the project ? 

In the end was devised a plan, by which 
water is taken from the Niagara River at a 
point more than a mile above the Falls, and 
conveyed through underground 
steel conduits, the largest in 
the world, to a great power- 
house, built in the cafion below the Horse-shoe 
cataract. Thus 55 feet were added to the 
head which would have been available had 
the Falls themselves been harnessed ;_hori- 
zontal turbines directly connected with the 
main generators take the place of vertical 
turbines placed in a deep wheel-pit; and a 
long tunnel to carry’ off the tail water is 
dispensed with. The scheme at first en- 
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CANADIAN NIAGARA FALLS POWER COMPANY'S 
GENERATING STATION. 


countered much popular opposition, owing 
to a natural fear that the headworks near 
Dufferin Island and the great trenches which 
must be excavated through Queen Victoria 
Park would spoil the scenery. The company, 
however, undertook to meet these objections, 
and, as a matter of fact, has rather added 
to than detracted from the amenities of the 
locality. 
The design of the intake or head works is 
as unique as their operation is successful. 
The works include a dam of reinforced con- 
crete, nearly 600 feet long, 
and divided into twenty-five 
bays, stretching out into the 
river in a down-stream direc- oa 
tion, almost parallel to the |, 
current; an outer fore-bay, a 
having an area of eight acres, 
and bounded on its down- 
stream side by a submerged 
dam, 725 feet long ; a screen 
house, whence, by means of a 
curtain wall, only deep water 
is admitted into the inner 
fore-bay ; a pool of two acres 
area, where the water is once 
more cleared of ice and foreign 
matter ; and finally, the gate- 


The Intake. 
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F, flume bringing water from 
P, penstock; D.S., 
distributing station. 
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house, guarding the entrance to the conduits. 
As a result of all these precautions, the plant 
has never for a moment been stopped by ice. 

From the gate-house the water is conducted 
through half-inch steel conduits, 18 feet in 
diameter and 6,300 feet long, to an overflow 
chamber, whence vertical pen- 
stocks, 307 feet long, convey 
it to the balanced twin-tur- 
bines, working on a level slightly below that 
of the power-house floor. The capacity of 
each pair of turbines is 12,500 horse-power, 
while that of the six generators at present 
installed aggregates 66,000 horse-power. 

The distributing station is built on the hill 
above the power-station, and is connected 
with the latter by a tunnel, inclined at an 
angle of about thirty degrees from the 
horizontal, containing the cable system. In 
the distributing station are installed the usual 
low and high tension electrical apparatus and 
twelve transformers, each enclosed in a steel 
tank capable of withstanding an internal 
pressure of 150 lbs. per square inch, and con- 
taining 70 barrels of oil. 

Two 60,000-volt lines, carried on steel towers, 
with an average span of 500 feet, run from 
the distributing station to a point on the 
Niagara River six miles distant. Here they 
cross the gorge, connecting at the international 
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® 
LAYING THE GREAT STEEL FLUME OF THE ONTARIO POWER COMPANY, NIAGARA FALLS, NEW YORK. 
(Photo, Orrin E. Dunlap.) 


boundary line in the middle of the stream 
with the lines of the Niagara, Lockport, and 
Ontario Company, an American corporation, 
Owning no generating plant of its own, which 
delivers power for use in the United States. 
The operations of this company are prob- 
ably unequalled by any other transmission 
system in the world, for its lines already 
form a network having a length of about 
450 miles through the western and central 
parts of New York State as far east as 
Syracuse. 

On the Canadian side, current at 12,000 
volts tension is purchased from the Ontario 
Power Company by the Ontario Distributing 
Company, the Falls Power Company, and the 
Hydro-Electric Power Commission—the last- 


mentioned an official body created by the 
Legislature of Ontario for the purpose of dis- 
tributing electric power throughout the pro- 
vince. By means of these agencies power 
is transmitted to municipalities and a vast 
number of industrial establishments and other 
consumers within a distance of about 150 
miles from the Falls. 

Not content to purchase power from other 
companies, certain Toronto capitalists sought 
and obtained rights in 1903 


to proceed with the construc- The 

tion of a third great Canadian Electrical 
s : Development 

power-plant. This was de- Company. 


signed to utilize 11,200 cubic 
feet of water per second, diverted from the 
Niagara River at a point midway between 
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the headworks of the Ontario and Canadian | 


Niagara Power Companies. 

The general plan of development included 
at least two bold and original conceptions, 
both regarded at the time by the majority of 
engineers as impossible of execution. These 
were a wing dam, 785 feet long and 27 feet 


ENGINEERING WONDERS 


OF THE WORLD. 


wide, sunk in many places to a depth of 24 
feet. Arduous and hazardous though the 
work proved, but one life was lost during the 
operations. Now there extends into the river, 
785 feet from the line of the power-house, a 
dam built of cdncrete and capped with cut 
granite, diverting to the penstocks an amount 





INTERIOR OF GENERATING STATION, ONTARIO POWER COMPANY, SHOWING SIX UNITS OF 10,000 


HORSE-POWER EACH. 


in height, designed to gather the water from 
the Rapids into a fore-bay excavated in the 
river; and a tail-race tunnel, 3,160 feet long, 
including branches, excavated beneath the 
Rapids for the purpose of discharging ‘‘ dead ” 
water under the centre of the Horse-shoe Fall. 
Of all the many marvels of construction work 
to be found at Niagara, these, perhaps, are 
the most striking. 

To clear a place for the great gathering 
dam and wheel-pit, it was necessary to 
“unwater’’ twelve acres of the river-bed 
where the Rapids are deepest 
and have the greatest velocity. 
To do this the engineers built 
a crib-work coffer-dam within which to carry 
on their operations. This dam was about 
2,160 feet in length and from 20 to 46 feet 


Wonderful 
Engineering. 


TWO TURBINES TO A GENERATOR. ® 


of the river’s flow sufficient for the develop- 
ment of the maximum capacity of the plant. 

About 2,000 feet from the crest of the Falls 
there has been sunk into the solid rock an 
immense pit-shaft, 416 fect long, 150 feet deep, 
and 22 feet wide inside the brick lining, which 
is 2 feet thick. This pit is spanned at 
three levels by masonry arches carrying 
machinery, and at the bottom, resting on a 
heavy concrete foundation, are twenty-two 
Francis internal-discharge turbines, with wheels 
5 feet 4 inches in diameter, each having a 
capacity of 13,000 horse-power. Eleven pen- 
stocks supply these turbines. 

Branching out from two sides of the wheel- 
pit are tunnels, 25 feet deep and from 66 to 
30 feet wide, which eventually unite to form 
the “ tail-race.” This is a tunnel, the largest 


WATER-POWER 


in the world, extending for a distance of 
1,935 feet under the bed of Niagara River and 
through the wall of rock over which plunges the 
Horse-shoe cataract. The company built it 
with no other object than that of getting rid 
of water which had served its purpose after 
passing through the turbines. They had no 
intention of making it a ‘“‘ side show ” for the 
benefit of visitors to the Falls; but this 
nevertheless it has become, and a very re- 
markable and attractive one it proves. 

Hung from the roof of this tunnel is a 
‘visitors’ gallery,” along which, 158 feet 
beneath the river bed, yet all the while over- 
looking a torrent of mighty 
waters, the future traveller 
may wend his way to the 
very interior of the Falls. In front of 
the tunnel’s mouth, but 60 feet distant 
from the face of the rock, falls a curtain 
of water, the intervening space filled with 


A Unique 
Tunnel. 
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CONTROL ROOM IN DISTRIBUTING STATION, THE 
ONTARIO POWER COMPANY OF NIAGARA FALLS. ; 


clouds of blinding spray, hurled about with 
terrifying fury. Surely such a spectacle, ac- 
companied by the deafening roar of thousands 
of tons of water plunging overhead, in front 
and at his feet, must satisfy the most exigent 
of visitors craving for new sensations. 

Not the least interesting feature in the design 
of this remarkable tunnel is the allowance made 
by the engineers for the wearing away, or 
recession, of the crest of the Falls. This aver- 

ages, in the centre, two and a half feet 
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VIEW OF PO WER-TRANSMISSION LINES. 
(Photo, Ontario Power Co. of Niagara Falls.) 





a year. Throughout their length, ex- 
cept in the last 300 feet of the outlet, the 
tunnels are lined with 2 feet of concrete 
faced with brick. Under the Falls, how- 
ever, this is superseded by concrete rings 
in 6-foot sections, which are expected to 
break away as the crest recedes. 

The power-house of the Electrical 
Development Company is a handsome 
building in the style of the Italian 
Renaissance, about 500 feet long and 
70 feet wide. In it are installed eleven 
generators, delivering three-phase alter- 
nating current of 12,000 volts. 

On the top of the bluff outside the 
Queen Victoria Park limits is the trans- 
former house, accommodating fifteen 
2,.670-kilowatt transformers, wound for 
10,000, 11,000, and 12,000 volts prim- 
ary, and 60,000, 650,000, and 40,000 
volts secondary. Connecting it with the 
power-house, about 1,820 feet distant, 
are four underground conduits. 
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The transmission line to Toronto is built 
on a private right-of-way, 80 feet wide, on 
which it is proposed, later on, to run electric 
cars between the Falls and Toronto, a dis- 
tance of 88 miles, at a speed of 100 miles an 
hour. The steel towers carrying the cables 
are usually 46 feet in height, higher where 
there are depressions along the right-of-way, 
and in two places—where navigable channels 
at the Welland Canal and Burlington Beach 
are crossed—not less than 150 feet and 175 
feet high. 

What will be the effect of all this power 
development upon the great cataracts over 
which the waters of Niagara River have 
passed for countless centuries ? 
The question is a timely one, 
for there are not lacking pro- 
phets to declare that the doom of the American 
Fall is already sealed—that some amongst 
us may live to walk dryshod across the river 
bed between Prospect Park and Goat Island. 
During recent years several measures have 
come before the Legislature of the Empire 
State asking for new power grants and further 
diversions of the waters of the river. Public 
opinion, however, proved too strong for the 
promoters, and the bills were either killed in 
the Capitol at Albany or vetoed by the Gover- 
nor. Nor is it likely, in face of the present 
lively regard for the conservation of national 
resources, that greater success will attend 
other similar efforts. 

As regards the Horse-shoe Fall, the present, 
and probably next, generation need entertain 
no serious anxiety. Not only are the Com- 
missioners of Queen Victoria Park likely to 
prove obdurate in the matter, but there seems 
scant opening between the upper line of 
breakers in the Rapids and the Fall for any 
considerable further development. For pos- 
sible danger to the cataract, one must look 
to water-diversions, yet only very dim in 
prospect, far away to the west. 

It has been estimated that the normal dis- 
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charge of the Niagara River into Lake On- 
tario is 222,000 cubic feet per second, and 
that the five great power companies to which 
we have particularly referred abstract from 
the upper river about 50,000 cubic feet per 
second, But how about the Welland Canal 
and the power development along its channel ; 
the new barge canal, following the line of the 
Erie Canal, from Buffalo to Savannah; the 
Chicago drainage canal; and other under- 
takings ? The reply is that the aggregate 
diversion of water from the Great Lakes above 
Niagara Falls still fails to exceed 75,000 
cubic feet per second. 

No attempt will be made here to enumerate 
the manifold purposes for which the power 
generated at Niagara is used. Let it suffice 
to say that it furnishes the greater part of 
the public and private lighting of the country 
round for a distance of nearly one hundred 
miles ; operates electric furnaces for the re- 
duction of ores for the manufacture of 
cement, calcium carbide, and lime nitrates ; 
furnishes energy to a large number of tramway 
systems and inter-urban railway lines; and 
is applied over a large and ever-increasing 
area to practically every industry for which 
power is required. 

Thanks to the remarkable development of 
hydro-electric power of which it has been the 
sceno, and assisted in no small measure by 
exceptional railway and shipping facilities, 
the Niagara frontier has become, in the course 
of a few years, one of the great industrial 
centres of the world. Established within a 
few miles of the Falls are iron and steel works, 
second only in magnitude and output to those 
of Pittsburg; and flouring mills, which are 
close rivals to those of Minneapolis. Less 
than twenty years ago three towns, with an 
aggregate population of 10,000, were con- 
tained within the limits of what is now the 
city of Niagara Falls, which has 30,000 in- 
habitants and an assessed valuation of over 
£1,000,000. Along two miles of river frontage, 
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owned by the Niagara Falls Power Company, 
and reserved for manufacturing purposes, 
there are already more than thirty indus- 
tries consuming over 60,000 horse-power, and 
representing an investment in machinery 
and plant alone closely approaching seven 
figures. 

It is, however, on the Canadian side that 
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the most remarkable and rapid development 
has occurred, due to the energy and enter- 
prise of the Canadians themselves, and also 
to the co-operation of citizens of the United 
States. A great number of American firms 
have built works north of the international 
boundary line, all operated, needless to say, 
by electric current produced by water. 


ROCK OF AGES, NIAGARA FALLS. 


THE 
ARTESIAN WELLS OF AUSTRALIA. 


BY C. O. BURGE, M.Inst.C.k. 


The severe droughts by which many parts of Australia are afflicted periodic- 
ally have proved extremely disastrous to the owners of large sheep and cattle 


runs. 


The risks arising from these droughts have, however, been much reduced 


by the sinking of a huge number of extraordinarily productive Artesian Wells, to 
a description of which this article is devoted. 





—_— 


A WELL-SINKING OUTFIT. 


ANY years ago the writer traversed 
the parched western plains of Aus- 
tralia in the time of drought. In 

the vast yellowish-brown expanses there was 

nothing but the old wheel ruts, hard as iron, 
to distinguish the course followed by the pant- 





ing horses from the surrounding country. Not- 
withstanding the intense brilliance of the re- 
morseless sun, the great gloom of the shadow 
of death hung over tho whole 
scene, gaunt greyhound - like 
sheep, dying or dead, being 
scattered at intervals around, interspersed with 
countless rabbits killed by eating the bark of 
the stunted and leafless shrubs. Away on the 
horizon lay the tremulous and luminous mir- 
age, mocking with its cool and silvery sur- 
face reflecting the rocks which seemed to rise 
above it, and fading almost imperceptibly away 
on our approach. 

It was among such disheartening scenes as 
this that, some thirty yoars ago, at the Kallara 
sheep station between Bourke and Wilcannia, 
in the far west of New South 


An Australian 
Drought. 


Wales, a small, keenly-anxious The 

Ce Artesian 
group Of scientists and pastor- Rees, 
alists watched the sinking of Australia. 


the first artesian bore in Aus- 

tralia. Tho scientists were supremely confi- 
dent, taught by previous, almost unerring, in- 
ferences from geological research ; most of the 
others were doubtful, evincing that suspicion 
of the man of calculation and theory which 
is found so often among so-called practical 
men. Slowly, with the rough appliances of 
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DIAGRAMMATIC PRESENTATION OF AN IDEAL AND 
AN IMPERFECT ARTESIAN BASIN. 


that time—now ancient from an engineering 
standpoint—did the process go on, the boring 
tools being driven with successive blows, until, 
at the quite unexpectedly small depth of 140 
feet, refreshing water sprang up like a small 
fountain above the surface, to the great delight 
of the believers and the doubters who stood 
around. The water thus won was an insig- 
nificant drop in the great wilderness of the 
west, but its great importance was at once 
recognized. It indicated the presence of a 
vast underground supply, which would at least 
cause numerous oases to flourish in the desert. 
And now as to these scientific inferences 
which led up to this modern counterpart of 
bringing water from the rock in the wilderness. 
What may be called an ideal 


An ideal artesian basin is rarely to be 
Artesian ; 
Rania: found in Nature, but for the 


sake of the principles involved 
such an ideal basin may be described. We 
must imagine a porous stratum, such as sand 
or gravel, shaped like a very thick basin, hav- 
ing a water-tight stratum—clay, for example 
—below it, and partly filled inside with similar 
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impervious material. The basin-shaped por- 
ous stratum “ out-crops,” or rises to the sur- 
face of the earth, in the form of a thick ring, 
and the rain falling upon this ring will sink 
through the porous material, collecting at the 
lowest point, and gradually saturating the 
whole stratum up to the level of the surface 
of the ring. This water, seeking its own level, 
of course exerts an upward pressure against 
the impervious clay inside the basin. Where 
the difference between the levels is very great 
and the superincumbent clay is of small depth, 
the upward water pressure has in some cases 
been so intense that earthquake-like up- 
heavals of the latter have taken place. Now, 
if a hole be pierced through such an overlying 
stratum as we have supposed inside the basin, 
the water will rise through it, and even above 
it in the form of a fountain as soon as the 
level of the water standing in the porous 
material forming the basin becomes higher 
than the top of the hole. 

Such a hole in such a position is an artesian 
bore or well, and is so called because this 
system of obtaining underground water under 
pressure was first used in Europe in the prov- 
ince of Artois in France more than a century 
ago. In the old days, the springing up of a 
jet of refreshing water in parched lands was 
indeed a mystery, a special act of a benevo- 
lent Deity. Now practically all our beautiful 
mysteries have faded away, and prosaic scien- 
tific reasons have taken their place. 

We have described an ideal or perfect 
artesian basin, but most of those of the world, 
as far as they are known, are very imperfect, 
being either tilted so much at 


one end, or broken through at | 4 vast 
. Australian 
one or more sides, that there Basin 


is a very considerable leakage, 

and the pressure is maintained only by the 
friction of the strata checking the water, or 
by some other obstruction to its progress. In 
settled countries, the geology of which is well 
known, the character of artesian areas is ascer- 
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DOLGELLY BORE, NEW SOUTH WALES. 
4,086 feet deep. Temperature, 130 degrees Fahrenheit, 


tainable ; but in Australia, which is largely un- 
explored, their nature must be to a large ex- 
tent the subject of inference. There are a few 
comparatively small examples in Victoria and 
in Western Australia; but the main artesian 
area of tho continent is of immense extent, 
forming an irregular triangle, and covering a 
large part of Queensland, New South Wales, 
and South Australia, and occupying 376,000, 
83,000, and 110,000 square miles respectively 
of these states. It is the largest artesian 
basin known in the world, except that of 
Dakota in America. The topography of this 
eastern part of Australia shows a range of 
mountains parallel to, and 50 to 200 miles 
distant from, the coast of the South Pacific 
Ocean—a comparatively narrow coast belt, 
receiving moderate rains; and, west of the 
range, plains more or less arid. This artesian 
area commences at the east shore of the 
Gulf of Carpentaria, and taking in the greater 
part of Cape York peninsula, trends south- 
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wards, and, as regards its eastern boundary, 
keeps about 200 miles from the outline of 
the adjoining coast. At Dubbo, in New 
South Wales, the boundary turns westwards, 
and, pursuing an exceedingly irregular course, 
extends to the 133rd degree of east longi- 
tude in South Australia. Bearing north-east 
in a still more irregular line, the outline 
passes near the town of Cloncurry, in North 
Queensland, and continues thence to the Gulf 
of Carpentaria, This area, very scantily pop- 
ulated, comprises more than half of Queens- 
land, nearly one-fourth of New South Wales, 
and about one-eighth of the enormous terri- 
tory of South Australia. The basin has been 
proved to have been, in the beginning of things, 
a vast fresh-water lake, and subsequently for 
the most part an extension of the Gulf of 
Carpentaria expanding southwards into a large 
inland sea. Such at least is the opinion of 
Professor David, of the Sydney University, 
and of Mr. E. F. Pittman, Government geol- 
ogist of New South Wales. To Professor 
David, by the way, as one of the Shackleton 
expedition, is due the credit of leading the 
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CAMBRIDGE DOWNS NO. 2 BORE, 110 MILES WEST 
OF “Ti=uL. 2L., QUEENSLAND. 


Output, 400,000 gallons per day. 


THE ARTESIAN 


party which reached the southern magnetic 
pole. Geologists are generally 
agreed that the main basin is 
imperfect, but they are divided 
as to whether the leakage takes place only into 


Conflicting 
Theories. 





MAXWELTON NO. 1 BORE. 
Depth, 1,474 feet. 


the Gulf of Carpentaria, or towards the south- 
west into the Great Australian Bight as well. 
Professor Gregory, in a recently published work 
entitled The Dead Heart of Australia, says: 
‘“‘The only available outlet is northward over 
a rock barrier into the Gulf of Carpentaria, or 
possibly eastward into the South Pacific. The 
fact that the main artesian basin has no regu- 
lar outlet, and is enclosed by a rim complete 
on the west and south, and has only a narrow 
shallow lip to the north, and perhaps another 
to the east, shows that the deep central waters 
are old accumulations. The wells are the 
modern artificial outlets from a vast reservoir 
which is almost entirely enclosed,and the waters 
discharged from it must have been collected 
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during the course of centuries, and probably 
of past millenniums. Nature has stored up a 
vast but probably a limited supply in a safe 
underground reservoir. That water, if pru- 
dently used, would probably last till Central 
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Output, 1,000,000 gallons per day. 


Australia were so well occupied that it could 
afford to provide a more costly supply.” 

This theory of a supply more or less stag- 
nant until released by bores is called a 
hydrostatic one, while the existence of such 
extensive leakage as to cause 
movement of the water is the 
characteristic of what is termed a hydraulic 
basin. The scientific investigators of the 
frame of the earth, in common with those who 
are concerned with that of the human body, 
are apt to disagrce ; so we find Mr. Pittman— 
already mentioned—saying, in reference to this 
artesian area: ‘“‘ Any accumulation of water, 
whether underground or on the surface, must 
eventually become salt, unless it has an out- 


Good Water. 
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TWO VIEWS OF THE LAKE CREATED BY NOORAMA NO. 1 BORE. 
This remarkable well is 1,502 feet deep, and has a daily flow of 2,304,000 gallons, 


THE 





A BORE AT CUNNAMULA THAT YIELDS 800,000 
GALLONS PER DAY. 


let, since the water will continue to dissolve 
saline matter from the rocks or soil. It is 
reasonable to conclude, there- 
fore, that all artesian wells 
from which potable (drinkable) 
water is obtained must have 
leakage, either direct to the 
ocean or through valleys of 
denudation which have cut 
through the over-lying strata 
and exposed the porous beds. 
It follows, therefore, that these 
basins would be hydraulic and 
not hydrostatic.” 

Potability being the charac- 
teristic of the supply from the 
Australian bores, it would seem 

that Mr. Pitt- 
man has the 
best of the argument. In 
reference to this question of the 


Hot Wells. 
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quality of the water, we may remark that 
flowing wells are sometimes due to the presence 
of gas, such as sulphuretted hydrogen or car- 
bonic acid, in the water under high pressure. 
When set free by a bore, the gas expands and 
forces the water above the surface in the same 
way as soda-water overflows a bottle when 
uncorked. Such a mineral water-spring is in 
operation at Ballimore, near the southern ex- 
tremity of the artesian area, the product, called 
the Zetz Spa water, being sold largely in Aus- 
tralia. The surface, or intake, as it is termed, 
the rainfall on which supplies all artesian water, 
is principally on the high levels of the coast 
range west of the artesian area, and includes 
nearly 70,000 square miles. Assuming the 
average annual rainfall to be 25 inches, and 
one-fifth of it to sink through into the artesian 
area, it is estimated that 13,580 million gallons, 
much of which is lost by leakage, flows daily 
into the porous beds. As the last is in some 
places at great depth below the surface, the 
water rising in many bores has a very high 
temperature, the increase being estimated at 
about one degree Fahrenheit for every 44 feet 
of depth. The writer remembers bathing in 





A BORING OUTFIT AT WORK. 
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- CLOSE VIEW OF BORING OUTFIT. 
TOORAK BORE, NORTH QUEENSLAND. 
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800,000 GALLONS PER DAY. 


the outfall of the Moree bore in 
Now South Wales, 2,793 feet 
in depth, where the tempera- 
ture of the water at emission 
from the earth was 110 degrees, 
though it cools rapidly, as a 
rule, on meeting the air. The 
water in another bore not far 
off has a temperature of 148 
degrees Fahr. 

The maxim that Heaven 
helps them that help them- 
selves is well illustrated by 
artesian work: Nature pro- 
vides the rainfall, and leads it 
underground to where it is 
wanted. Man has to provide 
the intelligence to know that 
it is there, as well as the 
labour to sink the bore. With 
regard to this latter division, 
Mr. W. H. Mallock, a well- 
known writer, points out in 
one of his books that up to 
the time of the introduction of 
effective machinery, about 150 
years ago, manual labour had 
most to do with material pro- 
duction. Since then it is the 
intelligence of the director of 
labour which has the greater 
share, but by no means the 
greater proportionate reward. 
Artesian work illustrates abun- 
dantly this view. But for 
geologists and engineers, not 
only the black aboriginal, but 
the white labourer succceding 
him, would still be half starved 
in many parts of the area we 
are dealing with, which wants 
only water to develop its 
wealth. 

We have dealt with the 
geologist’s part in this great 
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1,008,080 gallons per day. 


enterprise ; now let us consider that of the 
engineers who provide and use the ma- 
chinery for sinking the bore. 


Chinese Cunturies ago the Chinaman, 
Methods of ‘ded | 1 too; 
Well-sinking. "721° xy the geologist, 


chanced the site of his bore, 
and. used such primitive, slow-working tools in 
sinking it, that it is said, much to the credit of 
his perseverance, the sinking of a single bore 
sometimes occupied several generations, Ah 
Sing leaving an unfinished one to his son Chin 
Tung, who handed the work on at his death 
to his son, and so on, till, perhaps a contury 
after the bore was started, the long-expected 
water would bubble up. 

The mechanism employed in modern artesian 
boring may be summarized as follows :—A 
steel derrick, 60 feet high, with a timber plat- 
form at ground level, is erected over the bore, 
and by means of an up-and-down movement 


of a heavy beam operated by a powerful steam 
engine, the various kinds of steel tools cut 
through the rock by successive 
blows dealt at the rate of thirty 
to fifty per minute. As it 
goes down the bore is lined with wrought-iron 
tubes about ten inches in diameter at the top, 
and diminishing to about five inches in the 
deopest levels. This lining keeps a way clear 
for the upward passage of the water when the 
bore is complete. In rock, the rate of penetra- 
tion varies from 3 inches to 12 inches per 
hour. The percussion system just described 
has in some cases been superseded by the 
diamond drill, the action of which is quite 
different, the tool being constantly turned and 
doing its work by abrasion. The diamonds, 
set in steel crowns, are generally of the black 
variety called Brazilian carbonado, in com- 
position nearly pure carbon, which is the 
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hardest substance known. South African dia- 
monds are also used. A drill using chilled 
shot has been also employed. As regards 
labour, the cost has been in Australia from 
15s. to 40s. per foot of depth, the deeper wells 
being, of course, the most ex- 
pensive per foot. The deep- 
est bore is in Queensland, at 
Bimerah. It goes down 5,045 feet, or nearly 
a mile. The well which gives the greatest 
flow is that at Charleville, in the same state. 
The flow averages over three million gallons 
per day. It is stated that a flow of one million 
gallons is sufficient for the stock on eighty 
thousand acres, but for agricultural purposes 
about four hundred acres only can _ be 
served by this quantity of water. In all, be- 
tween 1,300 and 1,400 bores have been sunk. 

From some _ of 
deeper bores the water 
springs up with great 
violence. For instance, at 
Boomi, in New South 
Wales, the pressure at the 
surface of 
the ground 
is 150 lbs. 
per square inch, and if the 
casing were carried up 
sufficiently high, the 
water would rise to 350 
feet above ground level. 
In many of the wells this 
characteristic might be 
made a source of power. 
In other wells, which are 
called subartesian, the 
water, through rising from 
a great depth, fails to 
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reach the surface, and has to be assisted to 
that level by pumping. 

An example of an average Australian arte- 
sian bore may fitly conclude this article. Tho 
Rowena bore in New South Wales struck 
water at a depth of 2,670 feet, 
and gives a flow of about 
925,000 gallons per day. The water is led in 
various directions by an aggregate of 41 miles 
of distributing channels, and waters twenty- 
one sheep farms covering a total area of 55,405 
acres. The total cost of the works came to 
about £3,374, and the benefit derived by the 
settlers is estimated at £400 per annum. The 
annual assessment is well under a 1d. per acre, 
which, assuming that a sheep requires in that 
country 24 acres, amounts to about 23d. per 
sheep perannum. The financial return to the 

- « .=—_~- country, taking the cost 

* { and the annual benefit 

| ag above, amounts to 

about 11 per cent., leav- 
ing a small margin for the 
trifling working expenses. 

The supply of artesian 
water for the immense 
territory which has been 
described opens up almost 
infinite possibilities for 
the future, providing as it 
will, when judiciously ex- 
tended, a trustworthy in- 
surance against the recur- 
rence of the disastrous 
droughts of the past, and 
sensibly affecting the wool 
markets of the world, 
and, consequently, the’ 
clothing of its people. 


Financial. 


CAMBRIDGE TOWN BORE, NEAR RICHMOND, 
NORTH QUEENSLAND. 
Depth 841 feet. Output, 1,500,000 gallons 
per day. 


[Thanks are due to the Royal Colonial Institute, and to the New South Wales Government 
Agency, for supplying the Illustrations accompanying this Ariicle.] 


A BURNING OIL-WELL. 





ENGINEERING IN 


WORLD'S 


C+ ENED ERTS e OREN oo Gana 


ae? 


ie 


Spee aie 
ty 





. OIL FIELDS. 


Pres nbe eS oy Sb ETI IT ri 


aay 
1g Fa cecal oA, aang ara wm 


WATER, OIL, AND SAND FLOWING FROM A “ SPOUTER.’: 


BY A. BEEBY THOMPSON, A.M.I.Mech.E. 


OST persons who are not connected 
directly with the petroleum industry 
have but little idea of the large 

variety of engineering opcrations required 
to produce and bring lamp oils, motor 
spirit, lubricants for machinery, etc., into the 
hands of the consumer. 

It may safely be said that in the production, 
treatment, and transport of petroleum there 
is scarcely any branch of engineering that 
does not play a part. The 
success or failure of an enter- 
prise is closcly bound up with 
the type and design of the 
drilling plant, and with the manner in which 
it is handled. This plant has to be maintained 
in thorough and efficient order, which entails 
the erection of workshops with special ma- 
chinery for executing repairs and replacing 
parts. Again, electricity plays a not un- 


Engineering 
Requirements 
of Oil Fields. 


(1,408) 21 


important rdéle on an oil field, where, owing 
to the inflammable nature of the product 
handled, the wells, pump-houses, refineries, etc., 
must be, for safety’s sake, lit with electric 
light. Electric power is also largely employed 
on oil fields for working the plant, and some 
of the finest generating stations in the world 
have been erected on the Russian and Rouma- 
nian oil fields. Telephones linking up the out- 
lying sections with the numcrous departments 
in the works, stores, and offices are also not 
only a convenience but a prime necessity. 
Then there are the railways that usually 
encircle an oil property to transport heavy 
plant from one point to another; whilst 
piers, wharves, and jetties are needed on the 
water’s edge for the loading of petroleum 
products on to ship or barge. Numerous 
pumps of all descriptions are required, some 
for raising the crude oil out of the wells, 
VOL. I. 
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others for delivering it to the central storage 
tanks or to the refineries, or even for forcing 
it to the seaboard through long pipe lines, 
sometimes many hundreds of miles in extent, 
under a pressure of several hundred pounds 
to the square inch. The laying of these pipe 
lines where difficult country and swamps have 
to be crossed forms in itself a notable branch 
of engineering. The same is the case with 
the building of tank ships, capable of carry- 
ing a8 much as 10,000 tons of petroleum 
for thousands of miles without appreciable 
loss. For the distillation and refining of 
petroleum many remarkable plants, in whose 
design chemists and engineers have played 
equally important parts, are found on the 
large oil fields. 

Finally, the production of shale oil, a not- 
able industry in Scotland, entails mining on a 
scale comparable with that of coal, and the 
employment of the most up-to-date mining 
machinery as well as distillation and refining 
plant. 

Turning for a moment from the mechanical 
to the financial aspect of the subject, we 
may remark that the petroleum industry 

represents the investment of 


hia a colossal capital. The Stan- 
reali oy dard Oil Company alone, one 


of the largest business cor- 
porations in the world, is capitalized at some 
£200,000,000 sterling. It is quite impossible 
to estimate the enormous sums sunk by 
private operators and independent companies 
in the oil fields of the United States. They 
are such as to overshadow completely the 
£30,000,000 invested in the Russian oil fields, 
and the probably equal amount of wealth 
used to work the deposits of Roumania and 
Galicia. We must add, to get a grand total, 
all the money expended in Mexico, Burma, 
East Indies, Canada, and a dozen other 
countries of the world. 
An additional romance is conferred on the 
subject of this article by the suddenness with 
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which the tapping of a deposit has raised 
a man from poverty to affluence. To “strike 
oil’ is now synonymous with 
the rapid acquisition of oil.” 
wealth. Out of a thousand 

instances we may take one or two. In Baku 
a Tartar peasant, who held a small plot of 
land in the Romany district, leased it to a 
producing company which, in the first year, 
paid him £50,000 as his royalty share in the 
great “gusher”’ which they struck. Again, 
the first well sunk in that district was about 
to be abandoned by a struggling prospector, 
when a financier came to his aid in return 
for a large proportion of the profits. After 
boring a few feet further oil was struck, and 
thousands of tons were yielded daily for 
several months. In another instance an Eng- 
lish company bought for £500,000 a small 
plot of land in Bibi-Eibat, on which, a few 
days after the signing of the transfer, a well 
began to flow, and in the first month almost 
recouped the purchasers for their outlay. 
The story of the oil fields, in America and 
Russia alike, is replete with instances of a 
similar kind ; though, as at the gold diggings, 
success has by no means been the rule. 


‘* Striking 


Petroleum is not the rare fluid which it 
was supposed to be in the ‘fifties, when the 
first oil wells were drilled in America, but 
is a natural product distrib- 
uted almost as widely as 
coal. It lies secreted in the 
interstices of porous strata, 
such as sands, sandstones, and limestone, and 
is preferably overlaid by some impervious 
stratum, such as clay or compact shales. 
The geological conditions which favour the 
production and concentration of petroleum in 
certain localities are now fairly well under- 
stood, though its actual origin still remains 
a matter of speculation. It appears prob- 
able that the oil originated from animal or 
vegetable matter deposited with a mineral 


Origin and 
Distribution 
of Petroleum. 
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sediment. Experts agree that, generally speak- 
ing, petroleum was formed in the strata in 
which it is found, though in some cases local 
conditions have allowed it to find its way 
through fissures into beds of a more recent 
epoch. It is doubtful whether petroleum 
sufficient to repay drilling operations was 
formed in the rocks in the first instance. 
But since oil and its gas are, unlike coal 
and other minerals, able to move in the 
strata in which they were formed, they have 
separated from the water contained in the 
strata, and on account of their lighter weight 
they have naturally found their way to 
the highest: points in the for- 
mation. Where the strata 
have been distorted into what 
are technically known as “ anticlines” and 
‘‘ synclines,” the oil and gas rise into the 
anticlines. A simple conception of what 
anticlines and synclines mean is obtained by 
laying a magazine or thin book on a table and 
pressing towards each other two opposite 
edges in such a way as to buckle the pages. 
The raised folds of the pages accurately 
represent anticlines, whereas the depressed 
folds are the synclines. This configuration 
of the strata must not be confused with sur- 
face hills and valleys, since these latter gener- 
ally owe their undulating shape to atmospheric 
agencies such as. rain, frost, and variation 
of temperature. Practically all the great oil 
fields of the world are located near the sum- 
mits of anticlines, though there are important 
fields in operation where the dip of the strata 
is hardly appreciable. 

The productive character of oil fields varies 
greatly. In some districts there is but one 
oil-yielding stratum; in others several are 
profitably exploited. The thickness of the 
bed may vary between a few and a hundred 
feet or more. Some beds give up their con- 
tents readily, owing to the highly porous 
nature of the bed and to the presence of high- 
pressure gas; others are inert, and make it 


Oil Field 
Geology. 
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necessary to raise the oil by pumping or 
baling. In no case is it possible to exhaust 
the oil beds completely, though it has been 
established that oil is not being reproduced 
to an appreciable extent in any of the fields 
now operated. . 

Certain surface indications usually betray 
the existence of an oil deposit below ground. 
These include the escape of inflammable gas, 
sometimes accompanied by 
salt water and clayey matter 
which forms large mounds, 
having a central crater, wherein the clay and 
water is kept bubbling by the issuing gas. 
In some regions these mud volcanoes attain 
immense proportions. In Borneo and on the 
islands off the coasts of Burma violent dis- 
charges of gas and clay often follow an earth- 
quake shock, and in several cases, where the 
oil beds extend beneath the sea, sufficient 
material has been ejected to form islands of 
considerable size, but of short life, as the 
waves soon wash the material away. 

Wide areas in the Southern Caucasus ex- 
hibit many wonderful oil phenomena. Hills 
may be seen there, down the sides of which 
flow streams of the semi-fluid clay spued out 
of the ground by gas. During the great 
earthquake that totally destroyed the town 
of Schemakha in 1902, gas issued from the 
oil beds below, took fire, and increased the 
general horror of the catastrophe. Historians 
relate that in olden times so much gas escaped 
from beneath the sea in the Bay of Baku that 
boats were actually overturned by the violence 
of the escape; and only a few years ago the 
application of a light on a calm day would 
kindle the gas over acres of water. 

The burning of natural gas has long been 
an object of fire worship in this region. Until 
recently Parsees used to travel thousands of 
miles from the East to adore eee nee 
the eternal fires of Surakhany, ° 
near Baku, where a temple had been built 
by the early devotees of this religion. Now, 
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however, the Russian Government has pro- 
hibited the pilgrimages as being the cause of 
spreading cholera. 

In many petroleum districts heavy petro- 
leum exudes at points where the oil-bearing 
7 strata ‘‘ outcrop,” becomes oxidized by ex- 
posure to the air, mingles with 
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B Asphalt Gust and organic matter, and 
e Deposits. ; 

gl forms an impure kind of as- 
@phalt. Where conditions are peculiarly fa- 


— vourable, cnormous masses of asphalt have 
f accumulated. The most wonderful example 
fis the Trinidad Pitch Lake, estimated to 
E contain 10,000,000 tons of the material, 
4 and covering an area of about 100 acres. 
The lake is in reality the crater of a huge 
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imud volcano, while the pitch is nothing 
more than the residue of the oil that once 
found access to the crater from its containing 
strata. This oil gradually became more and 
more viscous as its lighter constituents were 
evaporated under the influence of a hot 
tropical sun, until finally it reached its present 
consistency. During this process it became 
admixed with sand and other mineral and 
vegetable matter, which have rendered it a 
first-class material for making “asphalt ” 
pavements. Now, the lake, although suffi- 
ciently solid to allow heavy transport over it, 
is plastic, and has a constant: but slow motion 
which imparts to its surface a series of wave- 
like and ever-changing creases and wrinkles. 
Objects which sink into the pitch reappear 
long afterwards at distant points, and the 
tramway running across the lake to remove 
the material has to be shifted every few days 
to prevent its being engulfed. The enormous 
extent of the lake’s overflow is proved by 
the reefs of asphalt which extend far out to 
sea. 

Another interesting and most valuable 
natural product of oil is found in the form 
of earth-wax or “ozokerite.”’ This is ex- 
tensively mined at Boryslaw in Galicia. The 
wax occurs in thin seams or pockets, filling 
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cracks and crevices in the strata, which are 
mostly of a stiff clayey nature. 
In Scotland there are large deposits of 


shales, dark in colour and inodorous, showing 


to the naked eye no traces of petroleum, but 
which on being subjected to destructive dis- 
tillation have in some cases yielded as much as 
100 gallons per ton. Nowadays the average 
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ROUMANIAN OIL-WELL SINKERS AT WORK. 


Those men dig wells 300 to 500 feet deep, and only 
a 1 metre square in section, 


run is about 25 gallons a ton, as the highest 
grade shales have been exhausted; but the 
shales are treated more scientifically, and the 
diminished yield of oil is more than compen- 
sated by the recovery of such valuable bye- 
products as sulphate of ammonia and paraffin 
wax in increased quantities. 


THE SINKING OF OIL WELLS. 


Originally many oil wells were dug by hand, 
and in Roumania this system is still largely 
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DIGGING A SHAFT ON THE BINAGADI OIL FIELDS, NEAR BAKU. 


The sail-cloth supported by the three poles acts as a wind sail for conveying 
fresh air to the bottom of the shaft for ventilation purposes. 


adhered to. The miners, specially skilled by 
years of experience and practice, are able to 
excavate shafts one metre square to a depth 
of 300 to 500 feet as cheaply as a well can 
be drilled. The process, however, is slow, and 
is attended by considerable risk, as the strata 
are so impregnated with gas that the miners 
are protected from asphyxiation only by the 
pumping of copious supplies of air down the 
well, 

The development of the drilled oil well is 
largely bound up with the story of the brine 
wells of certain parts of the United States. 

As early as 1797 the brine 


Brine Wells \olls of Kanawha Valley, West 
a Virgini duced, alo ith 
Petroleum. ‘78! produced, along wi 


the salt-impregnated water, 
quite a large amount of oil, which was 
used for lubricating machinery and burning 
in lamps. By 1830 these wells had been 
driven to a depth of 1,500 feet. Later on the 
natural gas issuing from the wells was em- 
ployed for lighting the salt works and evap- 
orating the brine. But it was not until Drake 
demonstrated, in 1859, the full value of the 
‘impurity ” that the first oil “‘ boom ” began, 
and people forgot the brine in their frantic 
search for rock oil. 
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The story of Drake’s dis- 
covery has been told too 
often to need repetition here. 
Since his time the practice 
of drilling has been evolved 
gradually in each oil district 
as the peculiarities of the 
strata have become known. 
At first the imperfect tools 
permitted only shallow wells 
to be sunk; but by degrees 
the depth has been increased 
as the result of improve- 
ments in machinery and 
tools, till it is not unusual 
now to drill to depths of 2,600 
and 3,000 feet. 

The systems in use are almost legion in 
number. They can, however, be divided into 
two large classes—(1) percussion, and (2) 
rotary. The first have for 
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object the pulverization of Systems 
the strata int lf t of sinking 
e strata into small fragments, Wells. 


which can be raised in the 

form of mud; the second either aim at the 
extraction of a core, or are used for washing 
away soft formations by means of a con- 
tinuous flush of water. 

The percussion system may itself be sub- 
divided into—(a) cable drilling, as generally 
used in the United States; (b) pole drilling, 
which is the common practice in Russia, 
Canada, and Roumania. Water-flush systems 
are used to some extent in Roumania and 
Austria, and especially in the Texas and 
Louisiana oil fields of America, where quick- 
sands are prevalent. 

Unfortunately, space permits of the first 
only of these systems being described. Con- 
sidering, however, that the tools and under- 
lying principles of both the cable and rod 
systems have much in common, a general idea 
of the modus operandi of both will be gained 
by following out the practice adopted in the 
American fields. 
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First of all a wooden derrick or square 
open-work tower, some 64 to 72 feet high, is 
erected. At one side of this the drilling gear 
or ‘rig’? is built, which de- 
rives its motion from an engine 
whose boiler is usually placed 
close at hand. Having finished “ rigging up,” 
drilling is started by the driller uncoiling some 
of the cable off the ‘bull wheel shaft,” and 
passing the loose end over a pulley at the 
top of the derrick. The tools are then at- 
tached to this and allowed to hang freely 
within a few inches of the ground. These 
tools consist of a heavy blunt steel bit or 
chisel about 5 feet long, and of the same 
width as the hole which it is required to 
drill. Above this comes the “stem” or 
sinker, This is made of the best round iron, 
34 to 5 inches in diameter, and 25 to 45 
feet long. Next are the “jars,” 
consisting of two massive flat 
links, which have about 4} inches 
play. A small stem sometimes 
follows the jars, and then comes 
the rope socket. These sundry 
tools are screwed hard into cach 
other in such a way that they 
will not come apart and be lost 
in the well. The cable is 
knotted into the rope socket, 
while the other end is coiled 
round the “ bull wheel shaft.” 

A quick up-and-down motion is imparted 
to the cable and tools by means of a rope 
connected at one end to the crank of a shaft 
which is belt-driven from the engine, while 
the other end passes through a noose on the 
drilling cable, and is attached to the derrick 
floor. As the tools fall, their weight causes 
the cable to stretch, and upon the sudden 
reversal of the motion of the latter the tools 
strike a sharp blow or kick. The quick 1e- 
petition of these blows pulverizes the ground, 
and a hole is made. As the hole deepens, more 
and more cable is uncoiled, until a depth of 


Boring 
Apparatus. 


SKETCH OF A DERRICK AND DRILLING 
On the right is a complete series of tools used in drilling. 


WORLD'S OIL FIELDS. 327 


from 50 to 150 feet has been attained. Work 
is then stopped temporarily whilst the cable is 
attached through an intermediary, adjustable 
“temper screw” to the ‘“ walking-beam.’’ 
This latter is a stout piece of timber 26 feet 
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long, pivoted at the centre, and resting on a 
rigid upright support. An oscillating or see- 
saw motion is imparted to the other end of 
the beam through a connecting-rod worked off 
the crank and shaft referred to above. The 
necessary connections having been made, 
drilling is again proceeded with, and as the 
hole deepens the temper screw is let out so as 
to feed more cable. Drilling off the walking- 
beam relieves the derrick of the heavy strain 
of the “‘ kick ” of the tools. 

The avowed object of drilling being to 
pulverize the ground and reduce it to mud, 
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INTERIOR OF A DERRICK, SHOWING ENGINE AND DRILLING TACKLE. 
A, the huge auger used for the uppermost sections of the wall. 


provision has to be made for removing the 


latter. This is done by means of a long baler 
: or piece of pipe with a drop- 
pole valve at the bottom. A wire 


rope is attached to the 
upper end of the baler, and the drum hold- 
ing the rope is worked by friction off the 
belt wheel on the crank shaft already men- 
tioned. Every time a few feet have been 
drilled the tools are pulled out and the baler 
is lowered. When the hole has been cleaned 
a barrel or two of water are poured down and 
drilling recommenced. 

The depth to which drilling can be con- 
tinued without the walls falling 
in necessarily depends on the 
nature of the strata perforated. When 
caving becomes troublesome, it is necessary 


Lining. 


to line the well with iron or steel casing. 
Drilling is then carried on with a smaller size 
of bit until the ground again begins to give 
way, when another column of pipes has to 
be lowered. Thus, to finish a well of, say, 
1,500 feet depth may require as many as five 
different strings of casing ranging from 12} 
to 44 inches in diameter. Except when these 
are required for shutting off water, they may 
all be pulled out except the last one, which 
is left in the oil sand. The appearance of 
a well before the casing is removed may be 
likened to a telescope with the eyepiece 
buried in the ground. 

On the Russian fields enormous quantities 
of casing are required, owing to the loose 
nature of the ground. In certain sections, 
where the strata are particularly troublesome, 
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DRIVING DOWN A LENGTH OF WALL LINING, L, BY MEANS OF A HEAVY WEIGHT, M. 


wells have to be started with casing 36 
inches in diameter, and as much as 150 tons 
of different-sized casing may be required 
to drill a well 2,000 feet deep. At £12 
a ton this is equivalent to £1,800. It is 
therefore important to recover as much of 
the metal as possible when a well has 
been completed, and to this end special ap- 
paratus is provided for cutting off the portion 
of each column extending above the base of 
that encircling it and drawing it out. Never- 
theless in the Baku fields some £7,200,000 
worth of casing—all irrecoverable—has been 
sunk into an area of four square miles, and 
this total increases by 40,000 tons annually. 
The cost of, and the time occupied by, 
the sinking of a well necessarily depend upon 


the depth of the oil-bearing bed, the nature 
of the ground, and a number of other things. 
In some oil fields a well 
may be completed in a few 
days at a cost of several 
hundred pounds. At Baku a boring of 2,000 
feet may represent the expenditure of £10,000 
and two years of time. 

One trouble that always threatens the 
driller is the possibility of losing his instru- 
ments through the cable or rods breaking, 
or the joints of the tools becoming unscrewed. 
No drilling plant can be considered complete 
which does not include a set of instruments 
designed for recovering, or, as it is usually 
called, fishing for, lost tools. Even with these 
it is sometimes found necessary to construct 


Cost of 
Drilling. 
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A DERRICK BOTTOM COMPLETELY SUBMERGED IN OIL AND SAND BY A “ SPOUTER.”” 
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a special implement costing on ae — Uo, ne 
in some cases hundreds of | ae ee | | 
pounds. So great are the 
difficulties of taking hold of 
a lost bit at the bottom of 
a deep well, that months are 
not infrequently spent on the 
task in some circumstances. 
Matters are rendered doubly 
serious when the fishing tools 
themselves break in the well, 
and have in their turn to 
be fished for, or when sand 
rushes up the well and cov- 
ers the tools. 

Gas under pressure, though 
a good servant for raising AT THE FOOT OF A DERRICK—BALING OIL INTO TANK. 
oil without cost, is an ex- 
tremely bad master. In certain fields the penetration of the bed is followed by a 
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A DERRICK WRECKED BY A VERY VIOLENT “ SPOUTER,’ WHICH HAS CREATED A LARGE LAKE 
OF OIL AND WATER. 
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A TEXAS OIL “ GUSHER.”’ 
terrific discharge of oil, gas, and sand, which 
sometimes ejects the whole string of tools 


from the well, and hurls them 


Power of through the top of the derrick. 
Large Oil : 
On occasions such as these 
and Gas 
Wells. much damage may be done 


to the casing by the sand 
and stones that are forced up. The combined 
action of the sand and oil is analogous to the 
artificial sand blast, and is so destructive that 
slabs of chilled cast-iron many inches thick, 
placed a few yards above the well mouth to 
deflect the oil, have been pierced in a few 
hours. Incredible as this may sound, samples 
of such sand-bored plates are to be seen in 
the Tiflis Museum. 

In another way sand may cause serious 
damage. <A large fountain may throw out 
many thousands of tons of sand in a day, 
converting the mouth of the well into a 
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seething crater, and engulfing machinery and 
tools. 

A “gusher” out of control is somewhat 
of a white elephant. In the spring of 1901 
one was struck in the Romany field of Baku. 
Its roar was audible for miles 
around. The derrick was 
wrecked in the first few min- 
utes by the column of oil and sand which 
rose vertically several hundred feet into the 
air, and fell in torrents on the surrounding 
properties. Streams of oil ran in all directions 
along the roadways, and fell like rain off the 
roofs of the dwelling-houses in the district. 
The interior of these was soon flooded to a 
depth of several feet, and had to be vacated 
in haste. 

The oil from another spouter, at Bibi-Eibat, 
was driven by the winds over the suburb of 
Baieloff towards the city of Baku, and fell in 


Uncontrollable 
‘¢‘ Gushers.’’ 


ENGINEERING IN THE 


the form of a black spray over a distance of 
five miles. Every edifice in Baieloff, including 
the church and public buildings, was blackened 
and soaked with the oil, and the Caspian 
Sea fleet anchoring out at sea did not escape 


the deluge. The whole Bibi-Eibat oil field 
suffered similarly. In cases such as this the 
claims for compensation may render a 


‘‘ gusher ” an extremely expensive property. 
The most terrible foe which the well owner 
has to fight is, without doubt, 
fire: On some fields very 
strict regulations are enforced 
to guard against this de- 
vouring ele- 
ment. No 
naked flame 
is permitted near the wells. 
Electrical fittings are so ar- 
ranged that the current can 
be switched off from outside 
the derrick in case of an 
eruption of oil breaking elec- 
tric lamps or wires. Before 
the oil source has been 
reached great volumes of gas 
often issue from the well, forming with the 
air a highly explosive mixture. A spark 
causcd by two pieces of metal striking 
together, or a hot bearing, or a flash of 
lightning, suffices to cause an explosion. In 
a moment the oil-soaked derrick is in 
flames. Its funnel shape induces a fierce 
natural draught, which carries burning frag- 
ments of wood and sparks to a_ great 
height, whence they may fall on neighbour- 
ing properties. In some of the American, 
and particularly in the Russian, Roumanian, 
and Galician oil fields, fires started in this way 
have devastated many acres, consumed hun- 
dreds of derricks, numerous dwellings, and 
thousands of tons of oil stored in reservoirs 
about the field, creating a scene which it is 
impossible to describe. Little can be done 
to combat such a conflagration. If time 


Fires on 
Oil Fields. 
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permits, its sphere may be localized, and 
machinery and engines protected by throwing 
sand and earth over them. 

Many precautionary measures are adopted 
in fields where wells are very close together. 
Amongst the most important of these might 
be noted the use of water sprinklers and 
steam jets. Sprinklers are arranged by lead- 
ing a water main up the derrick and encircling 
the summit with a perforated pipe. Streams 





A TYPICAL SCENE IN THE BAKU OIL FIELDS. 


of water issue from the holes in this pipe, 
when a valve is opened, and serve to protect 
the woodwork against sparks from neighbour- 
ing fires, though they are of no avail if the 
well itself becomes alight. Steam jets are 
similarly employed to extinguish and drive 
away burning fragments. But the best pro- 
tective method is to encase the derrick with 
some uninflammable material, such as sheet- 
iron, uralite, or asbestos. 

One of the most scrious forms of fire is a 
burning spouter. Although it affords one of 
the grandest sights on earth, it means a 
gigantic loss to the unhappy proprietor, and 
incessant danger to the district while it lasts. 
Some of the great Russian burning fountains 
have originated from ejected stones striking 
ironwork in the derrick, and have consumed 
thousands of tons of oil daily for weeks, in 
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A BREACH IN THE BAKU-BATOUM PIPE LINE. 


The oil has been maliciously set on fire—a by no means rare occurrence during 
the recent disturbances in tho Caucascus district. 


spite of every attempt made to extinguish 
them. As recently as 1908 an oil well in 
Mexico burned fiercely for forty-eight days, 
during which period it is estimated that nearly 
500,000 tons of oil were consumed. 

There are many ways of quelling burning 
wells of medium force and capacity. One of 
the most usual, adopted with success in the 

ease of the fires at Spindle 
Extinguishing Top, Texas, is to lead to- 
a Burning 
Fountain, Tas the well a number of 
pipes connected with steam- 
boilers, and, when a high pressure has been 
raised, to open the valves suddenly, and turn 
the full blast of the escaping steam against 
the flame. The non-inflammable steam dis- 
places the air, and the flame dies from 
lack of oxygen. Carbonic acid gas has 
also been tried successfully as an extin- 
guishing agent. A final resource is to tunnel 
under the ground and throttle the supply 
of oil by squeezing the pipe flat with 
hydraulic jacks. 

Occasionally an oil tank ignites. If situ- 
ated on high ground, it may cause great 
destruction by flooding the country with 
burning oil. It is therefore usual to surround 
tanks with an earthen bank or wall capable 
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of impounding the contents 
of the tank, should the latter 
give way. 

Where gas is present under 
high pressure and in large 
quantities, the well owner is 
frequently saved the trouble 
of raising the 


oil by artifi- Raising 
roar Oil to the 
oe ; Surface. 


the liquid is 

ejected like soda-water from 
a siphon. The flow is usually 
intermittent owing to the oil 
and the gas gaining access 
alternately to the bottom of 
the well casing. The life of 
a gusher or fountain well varies considerably, 
many having maintained a periodic dis- 
charge for a number of years. In the early 
days of the Russian oil fields, some of the 
wells yielded, by natural flow, as much as 
500,000 tons of oil. 

Where the oil is not accompanied by much 
sand, and good screwed casing is employed 
for lining the well, a heavy valve may be 
fitted to the top of the casing to control an 
anticipated flow. But if sand be present and 
riveted casing used, it is necessary to allow 
the oil to flow freely and impinge on a baffle 
plate of chilled cast-iron or steel to check the 
discharge. The oil is then allowed to run 
into large settling reservoirs, where the sand 
settles and any water, which is often mingled 
with the oil, sinks, while the light oil rises 
to the top, whence it is pumped into storage 
tanks. 

If the oil does not flow naturally, mechan- 
ical means have to be provided for its extrac- 
tion from the wells. The cheapest and most 
convenient method is that of 
pumping by means of a deep- 
well cylinder pump lowered on piping nearly 
to the bottom of the well. The plunger is 
worked by rods connected to a walking-beam 


Pumping. 
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or other contrivance at the surface. In many 
fields wells are pumped in groups of twenty, 
fifty, and even a hundred and fifty, by lines 
actuated from a central station by a steam 
or gas engine using natural gas. These 
‘“‘jerker”’ lines are either wooden or iron 
rods, or wire ropes, suspended at intervals 
from swinging brackets, and are in a state 
of tension while transmitting motion to the 
bell cranks operating the pumps. A pull 
on the line raises the bucket of the pump, 
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by the oil, as in the Russian and Roumanian 
fields, balers, or long cylindrical vessels holding 
from three to eight barrels 
each, are used for raising the 
liquid. These resemble closely those already, 
described for the removal of sludge | during 
drilling operations. Suspended from a steel 
wire rope wound on a drum in the derrick, 
the baler is lowered into the well by ‘gravity. 
Once full of the oil or water which it is de- 
sired to raise, the oil, gas, or steam engine is 


Baling. 
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OIL WELLS IN THE SEA, NEAR SANTA BARBARA, ON THE COAST OF SOUTHERN CALIFORNIA. 


In all there are some two hundred wells. 


Those farthest from the shore are in from 15 to 25 feet of water at low tide. 


They are reached by wooden piers, built sufficiently strong to withstand a fierce storm. Groat care has to be oxercised in 
drilling the wells, so as to bring the oil to the surface without coming into contact with the sca water. Many of those 


submerged wells yield about two hundred barrels of oil per day. 


which, together with the pump rods, sink 
by their own weight when the motion on 
the line is reversed. By this simple arrange- 
ment wells which yield only half a ton a month 
are often pumped at a profit. 

Where there is much sand held in suspense 


thrown into gear, and the baler is brought 
up to the surface at a velocity frequently 
exceeding 1,200 feet a minute. On the Rus- 
sian fields balers are sometimes 60 feet in 
length, and diameters of 12 and 14 inches 
are common. 
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Wells that have ceased to flow of their own 
accord can sometimos be induced to do so 
by means of compressed air. This method of 
raising the oil is known as the 
“air lift’? system, and con- 
sists of forcing air under con- 
siderable pressure through a column of 4-inch 
tubing to the bottom of the well. Inside this 
is another column of Jesser diameter, up which 
the aerated oil rises to the surface. In effect 
the process is that of substituting compressed 
air for natural gas, but it can be applied to 
wells only where the level of the fluid stands 
high. 


The 
“‘ Air Lift.’’ 


DISTILLATION AND REFINING. 


Petroleum in its crude state is not often 
suitable for commercial purposes, although 
some heavy oils containing a small proportion 
of light products are used just as they come 
from the ground as fuel for steam-boilers ; 
while in certain parts of America some natural 
lubricating oils occur. 

The mineral product is a mixture of hydro- 
carbons, not infrequently containing traces of 
sulphur, oxygen, and nitrogen. The composi- 
tion, however, of the hydrocarbon constitu- 
ents is so complex that rarely will two oils 
from different fields yield a similar analysis. 

On the other hand, the very difference in 
the densities and boiling points of these 
renders it possible to separate petroleum 
into a series of mixtures with certain char- 
acteristics by distillation. To do this the 
oil is passed into a large still, from whose 
upper surface a pipe leads to a condenser. 
When heat is applied the more volatile 
constituents, such as benzine, gasoline, etc., 
pass off first as vapour, and are caught and 
condensed. As soon as these lighter con- 
stituents have all been given off, the heat is 
increased, so as to drive over the illuminating 
oils present. 

At this point distillation is often stopped 
unless lubricating oils are sought for. To 
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obtain these more heat is required, and super- 
heated steam is admitted to ensure adequate 
circulation of the oil in the still. The steam 
serves the further purpose of preventing 
“cracking,” or the decomposition of the 
heavy hydrocarbons into lighter varieties. 
There are, however, certain oils in whose 
treatment “cracking” is encouraged, since 
it reduces the density of the hydrocarbons 
and increases the quantity of the illuminants 
derived. 

Thus oils, having a specific gravity of from 
°860 to °880—such as those of the Eastern 
oil fields of the United States—are treated 
for the benzine and kerosene, both of which 
are in large proportions. On the other hand, 
the heavy oils of California, Texas, and Russia 
derive their main value from the heavy 
residuum, which is particularly suitable for 
liquid fuel. 

Benzine is often redistilled by steam heat, 
and divided into grades of spirit of specific 
gravities ranging from ‘680 to °740. These 
constitute the various kinds of spirit or 
petrol” that are generally uscd for motor 
cars. 

The distillates that are intended for use as 
lamp oils require chemical treatment or re- 
fining, in order that certain impurities may 
be removed. The effect of these, were they 
not eliminated, would be to cause the flame 
to smoke badly, and give off a disagreeable 
odour. The chemical process is too complex 
to be dealt with in this article. 


THE TRANSPORT OF PETROLEUM. 


Oil fields are often located a long distance 
from commercial centres and from points 
convenient for the establishment of refineries 
and for distribution. 

Originally railway tank cars were much 
used for the conveyance of the crude oil to 
refineries or consumers, but they have now 
given way largely to oil pipe lines. In 
America there exists a wonderful and complete 
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system of these lines, thousands of miles long, 
upon which millions of pounds have been 
spent. The pumping of light 
oils and kerosene through 
pipes presents no particular 
difficulty ; but when dense, viscous crude oils 
have to be forced great distances, the friction 


Oil Pipe 
Lines. 
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AN OIL FIELD IN A FOREST. 


is enormous and the power required large. 
In California it was found impossible to pump 
some of the heavy oils along the completed 
mains, unless mixed with lighter varieties or 
with water, to reduce the friction. At times 
the oil has been heated to render it more 
flaid. A special rifled piping has recently 
been introduced to help to solve the problem. 
It is claimed that if heavy oil and water be 
pumped together through these pipes, the 
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rifling causes a rotary motion which drives 
the heavier water to the outside, and makes 
it form a frictionless layer between the piping 
and the oil. 

On the American oil fields it is customary 
for the lines connecting individual properties 
with the main pumping stations of the dis- 
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trict to be of 2, 3, or 4 inch bore, where- 
as the main trunk lines have a diameter 
ranging from 4 to 8 inches. At intervals 
of from ten to fifty miles or more, accord- 
ing to the nature of the country, an inter- 
mediate pumping station is required, where 
the oil is received into tanks from the’ pre- 
ceding station and pumped along to the next. 
The trunk. lines are of heavy lap-welded, 
screw-jointed pipes, able to stand a pressure 
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of 3,000 Ibs. to the square inch, and are 
preferably laid a few feet below the surface, 
and provided with expansion joints at inter- 
vals to allow for changes of temperature. 

Some crude oils, rich in solid hydrocarbons, 
deposit paraffin wax in the piping during 
transit. This not only entails the loss of a 

valuable product, but increases 
fcc eicas the friction resistance of "the 

Pipe Cleaner. PiPes and diminishes the flow. 

The wax and any other ob- 
structions are very ingeniously removed by 
means of a rotary cutter, which is simulta- 
neously carried forward and revolved by the 
oil that is pumped through the pipes. 
noise of the moving apparatus can be 
traced from the surface by an _ operator, 
who follows its progress until it falls into 
a chamber placed for its reception at the end 
of the main. 

The first pipe line was laid in 1875 in the 
Pittsburg district of Pennsylvania. Its suc- 
cess led to the rapid introduction of this 

method of transport, and to 


ee the gradual transference of 
ipe-Line , 
Systems. the important inland refineries 


to the Great Lakes and 
Atlantic seaboard. In 1904 it was estimated 


officially that 3,000 miles of trunk line were. 


in use; and since then the total has been 
increased largely by great discoveries of. oil in 
California, Texas, Kansas, and Oklahoma. The 
eastern and western pipe-line systems will be 
connected by degrees in such a way that it 
will be possible to pump oil to the Atlantic, 
Pacific, or Carribean Sea from almost any field, 
and a perfect system will exist in the country. 
In 1907 two trunk lines, 8 inches in diameter, 
were laid from the Oklahoma oil fields to 
the Gulf of Mexico, with connections at Sour 
Lake and Humble, 450 miles away. The Gulf 
Company’s line has six pumping stations, 
from 78 to 91 miles apart. The pipe lines 
can pass from 14,000 to 18,000 barrels daily 
each, and at every station storage has been 
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arranged for at least 37,500 barrels, which is 
equivalent to 5,000 tons. 

Until 1898 Baku oil ‘was conveyed to 
Batoum, on the Black Sea, in railway tank 
cars over the Trans-Caucasian Railway, and 
there was often keen com- 
petition among refiners to ger Say iel 
secure the use of the all too Pete: 


few cars available. To remedy this, the 


Russian Government decided to lay an 8- 
inch pipe line for the transport of lamp oils 
between the two termini. The length of this 
line is approximately 600 miles, and it was 
completed in 1905. For about half the dis- 
tance it travels steadily uphill from Baku 
along the Kura valley. At the Suram Pass 
over the Caucasus the gradient becomes very 
steep, but by way of compensation the oil 
flows by gravity to Batoum after surmount- 
ing the highest point. Some seven and a half 
million barrels of lamp oil can be pumped 
through this pipe annually. Unfortunately, 
the line traverses in many places wild and 


_lawless country, which renders it almost im- 


possible to guard.it properly, the result being 
that large quantities of oil are stolen by 
robbers, who pierce the line at night and 
draw off supplies for local sale. During 
the disorders of 1905 the line was often 
fractured maliciously and the outflowing oil 
set alight. In several localities a thriving 
industry has even grown up at spots where 
it has been ascertained that, by digging shal- 
low pits near a fracture, refined kerosene 
could be recovered in considerable quantities. 

Other notable oil pipe lines are those cross- 
ing the Isthmus of Panama, and the one 
which connects the Burmese oil fields with 
Rangoon. 

In a similar way natural gas is conveyed 
from the wells to industrial centres, where it 
is used for an infinite variety of purposes. 
The annual value of the gas thus consumed 
in the United States exceeded £8,000,000 in 
1907, and everything is being done to extend 
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its use still further. Where the natural pres- 
sure does not suffice to drive the gas through 
the mains, pumps are resorted 
to. Originally, the ‘rock 
pressure ” in the West Virgin- 
ian territory was sufficient to force the gas 
some 180 miles to Cleveland, 40,000,000 cubic 
feet passing daily through the 16-inch main. 
Now extensive pumping stations are. required 
to deal with the gas. 

In the earlier days of the industry oil was 
carried across the water in barrels. But now 


Natural 
Gas. 
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tanks by substantial bulkheads or coffer- 
dams. Since “oil-tankers” have to pass 
through tropical seas to cold regions, ex- 
pansion trunks are fitted to all the storage 
compartments or tanks, so that the oil may 


have room for expansion and contraction. 


In the spring of 1909 the world’s oil tank 
steamships represented a gross tonnage of 
700,000, to say nothing of a number of sailing 
ships. 

Oil transport on the Caspian Sea and Volga 
is so interesting a subject that some reference 
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SECTION OF AN OIL “* TANKER” BUILT ON THE SWAN PRINCIPLE. 


the tank steamer has completely ousted the 
barrel for sea transport. So long ago as 
1869 a small ship was fitted 
with tanks and employed in 
the crude oil traffic between 
America and Europe. Nine years later Nobels, 
the greatest oil producers in Russia, ordered 
a, steam tank ship for the Caspian Sea service, 
and general attention began to be directed 
to the construction of ocean-going steamships 
capable of conveying large bulk cargoes of oil 
with safety. Distinguished naval architects 
have gradually increased the size and speed of 
such ships. Only the best workmanship is 
permissible in a tank ship, as a small leak 
resulting from a strain might endanger the 
vessel. Suitable ventilation to prevent ac- 
cumulation of gas must be provided, and the 
engine-rooms are carefully isolated from the 


Oil Tank 
Ships. 


to it should be made. The internal market 
of Russia is supplied by taking oil across the 
Caspian in tank ships to the mouth of the 
great river Volga, and thence by barges to 
the towns along its banks and through the 
canals which connect up the main waterways 
of Russia. The cheapness of oil fuel has led 
to the establishment of important industries 
in the Volga regions, where each year more 
than 5,000,000 tons of the oil are consumed. 

Although the Southern Caspian Sea is never 
frozen, and the winter temperature is usually 
pleasant, extreme cold is experienced in the 
Northern Caspian, and the sea 


is frozen up from November A 
Floating 
to February every year, and Town: 


navigation is at a standstill. 
Consequently, the winter stocks of oil which 
accumulate at Baku have to be hurried north- 
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wards as soon as the ice breaks up. Engaged 
in the transport trade on this inland sea are 
no fewer than 126 tank steamers, and nearly 
300 sailing vessels, having a total carrying 
capacity of 200,000 tons (1,500,000 barrels). 
The distance from Baku to Astrakhan road- 
stead, at the mouth of the Volga, is 400 
miles, and the round journey is generally 
made by steamships in about three days. 
The depth of water at the entrance to the 
Volga does not exceed nine feet, and when a 
strong north wind is blowing the depth is 
often reduced to from two to four feet. 
Transhipment has then to be delayed till the 
wind changes or falls. Under favourable 
circumstances the oil is transferred into 
barges from the tank steamers far out at sea, 
and a hundred miles from Astrakhan. The 
place where this transhipment is made is one 
of the most remarkable floating towns in the 
world, all of which disappears and seeks 
shelter up the Volga at the first signs of the 
winter frosts. It includes the custom-house, 
where all customs business is transacted, a 
public telegraph station, and general stores. 
There is also a hospital ship for the treatment 
of injured and sick sailors, and each of the 
large firms has its floating office, where a staff 
of assistants conducts the business of the 
company. 

Some 250 to 300 shallow draught barges are 
constantly engaged in conveying oil from the 
oil-tankers to Astrakhan and Tsaritzin, where 
all the great distributing companies have 
storage reservoirs. It is interesting to note, 
in connection with this inland shipping trade 
of Russia, that tankers of over 1,000 tons 
capacity have been sent in sections direct 
from England to the Caspian Sea vid the 
Baltic and the marvellous yet little - known 
series of canals which link up practically 
all the waterways of Russia. 


At one time the heavy residue of the Baku 
oils, left after the distillation of kerosene, 
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etc., was deliberately destroyed as useless. 
As the residue represents over fifty per cent. 
of the whole bulk of Rus- 
sian dil, this wastage was a 
very serious matter. Presently 
it was discovered that if the astakt:, as it is 
called, were pulverized by a jet of air or 
steam and mixed with a sufficient volume 
of air, it burned with a fierce flame. This 
discovery revolutionized the industry. The 
formerly waste product is now sold for twenty- 
five shillings per ton at Baku, and sent far 
and wide to raise steam in locomotive and 
marine boilers. 

For its use special burners of the same 
general type, but varying in detail, have 
been invented. In a plain burner the oil is 
generally admitted through an orifice sur- 
rounded by an annular steam jet, which so 
disintegrates the oil that it ignites instantly 
on the application of a light. Air burners 
are provided with much the same arrange- 
ment, the air being heated before it reaches 
the burner by passing through pipes in the 
boiler flues. Air burners are preferred on 
ships and in places where fresh water is scarce, 
as the best steam burners consume from five 
to ten per cent. of the generated steam, 
which, of course, is irrecoverable. 

The advantages of liquid fuel over coal 
may be summarized as follows :— 

1. Reduction in weight and bulk. 2. Re- 
duction in the number of stokers or attendants 
required. 3. Greater rapidity, ease, and clean- 
liness in replenishing supplies. 4. Reduction 
in the time required to raise steam. 5. More 
delicate adjustment of the fuel feed to suit 
requirements at any moment. 6. Instan- 
taneous extinction of the flame if necessary. 
7. Entire absence of smoke and dirt if proper 
precautions are taken. 8. Freedom from 
clinkers and ashes. 

Oil fuel is at present in general use through- 
out the industrial establishments and railway 
systems of California, Texas, Mexico, Rou- 


Liquid Fuel 
and its Use. 
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mania, Peru, and South Russia, while the 
nitrate factories of Chile are yearly consuming 
greater quantities of it. The same fuel serves 
all the steamers on the Caspian Sea, and many 
on the Volga and Black Sea. In England the 
Great Eastern Railway Company has for years 
utilized a combined oil and coal system for 
some of their locomotives. 

Within the limited scope of this article it 
has only been possible to indicate briefly the 
wide range of engineering subjects covered by 
the extraction, treatment, and marketing of 
petroleum. Few people in these islands have 
any idea of the magnitude of the oil industry, 
and many are sublimely ignorant of the rela- 
tionship of petrol, lamp oil, lubricants, and 
liquid fuel. The reason for this is due largely 
to the fact that oil is not found within the 
United Kingdom, excepting, of course, in the 
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oil shales of the Lothians. In contrast to this 
a similar ignorance prevails in Baku upon the 
subject of coal mining. There every one from 
his childhood upwards has used oil either in 
its crude state in the kitchen oven or as a 
refined product in lamps; whereas by its 
scarceness and cost, coal well justifies its 
soubriquet of “‘ black diamonds.”’ 

Glancing at the future of the oil industry, 
there can be no doubt that its progress is well 
assured. As a motive power for high-speed 
internal-combustion engines the lighter con- 
stituents stand unrivalled, and there appears 
to be no limit to the demand for petrol that 
is being created by motor cars and boats. 
Thanks to this highly volatile product, which 
but a few years ago was almost unknown, 
the conquest of the air promises soon to be 
an accomplished fact. 
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Fig. 1.—viEW OF THE MAIN FOUR-TRACK PORTION 
OF THE NEW YORK SUBWAY. 


A MUNICIPALITY’S RAPID FRANSIT ENTERPRISE. 


BY A NEW YORK ENGINEER. 


MONG the works that have built up 
A our twentieth-century world a place 
of respect must be accorded to the 

Rapid Transit Subway of New York City. 
High-capacity rapid transit is vital to the 
modern metropolis. Means must be provided 
for transporting the masses—not the few 
—from far-distant dwelling- 
house to city every morning 
and evening. That is, we re- 
quire cheap rapid transit of wide radial reach, 
and capable of handling large volumes of 
traffic. Up to the present the New York 
Subway remains the leading exemplar of 

achievement in this branch of enterprise. 
Added interest lies in the fact that it is a 
municipal undertaking. The city built it. 
Quick growth brought the need for more and 
better transit facilities; private initiative 
would not provide it, and the organized public 
had to help itself by its own wealth and 

skill. 


Why it was 
constructed. 


What the Subway is, and how it was built, 
will therefore be recorded here in brief form. 
The imposing size and complexity of the work 
naturally debar us from treating of detail. 
The cost figures are significant. No less than 
$50,000,000 went into fixed construction ; and 
in addition almost half as much was spent 
for cars, power-house, engines, dynamos, sig- 
nals, etc. As the system covers 234 miles, the 
expenditure averages over three million dol- 
lars per mile of road. 

When, in the middle ‘nineties, the engineer- 
ing forces of the Rapid Transit Commission, 
acting on behalf of the city, took hold of the 
problem of providing an under- 
ground rapid transit line, they 
had little choosing to do before locating the 
proper route. The long, narrow shape of 
Manhattan Island (see map, Fig. 2) meant 
that traffic movement must be parallel to its 
length, north and south. The railway was to 
be close to the surface—that is, a shallow 


Location. 


THE NEW YORK SUBWAY. 


subway—and this meant 
going along under the streets 
rather than cutting through 
cellars and foundations. The 
choice then narrowed down 
rapidly. The objective was 
to bring the business district 
at the south end of the island 
into communication with the 
residential sections of the 
north end and the mainland 
to the east (Bronx Bor- 
ough). Therefore the line was 
branched east and west at 
about the middle of its length, 
and is operated by running 
trains up the west branch (the 
Broadway line) and the east 
branch (the Bronx line) alter- 
nately. 

Speed was sought for by 
providing “express” trains 
(making stops at long inter- 


vals) and ‘local’ trains 
(with frequent stops). Since 
these demanded separate 


tracks, the main part of the 
line has four tracks, The two 
branches (above 96th Street) 
are generally but two tracks 
wide. 

Keeping close to the sur- 
face, the Subway necessarily 
follows closely the gradients 
of the streets through which 
it runs. Only under the high 
rocky ridge of Washington 
Heights in the north part of 
Manhattan Island, and in one 
or two minor portions, was 
this impracticable, and here 
regular rock tunnel construc- 
tion was adopted, with a 


greatest depth of 200 feet below the surface. 
The shallow depth dictated the type of 





Fig. 2.—MaP OF THE RAPID 
TRANSIT SUBWAY OF NEW YORK 
CITY. 


It shows Manhattan Island and parts 
of Bronx and Brooklyn Boroughs. The 
subway parallels the four elevated rail- 
ways. Plans for an additional subway 
through the area to the east of Central 
Park are being developed. 
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structure to be used—a strong 
steel and concrete box-like 
section, quite different from 


the circular 

or horseshoe ik ee 
form suited seen: 

to deep-lying ; 

tunnels. The Washington 


Heights Tunnel, of course, 
does not use the box form. 
An important exception also 
concerns the most northerly 
parts of the line—the last 
two miles of the Broadway 
branch, and three miles of the 
Bronx branch. These are 
carried above ground on a 
steel viaduct, like any other 
elevated railway. The change 
was made primarily for econ- 
omy, and indeed underground 
construction would be an ex- 
travagance in open, outlying 
districts. 

The view, Fig. 1, taken 
inside the finished Subway, 
exhibits the appearance of the 
normal box type which pre- 
vails on the main part of the 
line. Those who wish to see 
the actual grouping of metal 
and concrete will find the 
sketches in Fig. 3 interesting. 
They may note the ingeni- 
ously-designed section of the 
steel columns which support 
the roof, the strong I-beam 
framing of the walls, the 
waterproofing course outside 
the concrete panelling, etc. 
Two of the tunnel sections 
are also shown in the draw- 
ing. 


The steel-framed box structure was modi- 
fied in interesting fashion in two portions. 
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Section of Twin Turmels under Street-Car 
Tunnel at Murray Hill, Fourth Ave., 
2312 to 4st St. 


Fig. 3.—TYPICAL CROSS-SECTIONS OF THE NEW YORK SUBWAY. 


Reinforced concrete was used—that is, the 
concrete was strengthened by slender steel 
rods distributed within its mass in such a 
way as to render steel frame-beams un- 
necessary. 

Very special construction was, of course, 
needed for the two river crossings. The 
Subway passes under the East River from 
the Battery to Joralemon Street (Brooklyn) by 
two shield-driven cast-iron circular tubes, lying 
in rock and quicksand. Under the Harlem 
River (at 145th Street) it crosses by a con- 
crete-lined cast-iron twin tunnel of peculiar 
construction. These are remarkable examples 
of the tunnel-builder’s art. 

The elevated railway parts of the line, of 
which Fig. 14 gives a representative view, 
are quite like the usual types of railway 
viaduct in city streets. 

A single contract was let for building the 
entire Subway. Mr. John B. M‘Donald was 
the successful bidder. But he knew that the 
enterprise demanded the association of many 
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experienced contractors. Him- 
self acting only as generalis- 
simo, therefore, he split the 
contract into 
a large number 
of sections, and. 
sublet them to 
different contractors. These 
men put their working forces 
into the field to dig and build. 
M‘Donald paid them, co-ordi- 
nated their work, hurried them 
up, and attended to eliminat- 
ing friction in cases where, in 
a single section, one contractor 
handled the excavation, an- 
other supplied the steel frame, 
a third erected it, etc. At 
the same time the Rapid 
Transit Commission’s engi- 
neering forces, under Mr. 
William Barclay Parsons, the 
engineer who planned the Subway, directed 
and supervised all the constructive work. 

M‘Donald’s enginecrs had another and much 
larger task—to provide for “ equipment,” 
which was not included in the Commission’s 
plans. This term covered power-house, ma- 
chinery, track, signals, cars, motors, etc. 
His men had to plan for all these items, locate 
and design them, and let contracts for their 
construction. 

On this plan active digging was begun early 
in 1900, and soon every foot of the line was 
being attacked energetically. Less than five 
years later (1904) half the line was inaug- 
urated, and in 1908 the last bit was com- 
pleted, including the three mile Brooklyn 
Extension (extending from City Hall south 
and, by way of the Battery Tunnels, to 
Atlantic Avenue in Brooklyn). 

A great drawback to building a subway 
close to the surface is that it has to encounter 
the network of buried pipes—gas and water 
pipes, electric light and telephone conduits, 
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etc. Many of these must be shifted, but with- 
out interrupting their service. They cannot 
simply be removed, and later 
on restored, but must be 
supported over the trench 
most carefully and protected 
against the slightest settlement. This makes 
the whole work very slow, and very costly. 
How much extra cost was chargeable to this 
feature in the case of the New York Subway 
work is not known. No doubt it was a pro- 
digious item. Worse than the mere added 
cost, however, was that the work was delayed, 
and that the streets were so congested that 
the business interests of the city suffered very 
sensibly. 

These remarks apply to the sewers as well 
as to the water pipes. But the sewers intro- 
duced an important complication of their own. 

The Subway, running along the middle of 
Manhattan Island, cut right across the city’s 
sewer system. What had previously been a 
single system, draining here 
to the Hudson, there to the 
East River, was converted 
into two separate systems draining west and 
east independently. To accomplish this con- 
version required a great amount of labour, 
both in planning and in execution. 

. Sewers that were cut off from their outlets 
had to be joined to other outlets. Many new 
outlets had to be built. Sewers draining 
toward the Subway had to be turned in the 
opposite direction. A very effective devide 
used was to build an intercepting sewer along 
the side wall of the Subway, which received 
the discharge of the branch sewers, and 
turned off at a convenient point to an outfall. 

The sewer diversion work was carried on 
partly before the Subway building, partly in 
connection therewith. It was governed and 
made more difficult by the condition that no 
part of the sewer system should be put out 
of service at any time, a condition observed 
faithfully. 


The Trouble 
with Buried 
Pipes. 


Sewer 
Diversion. 
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The Subway was built in an open trench 
dug from the surface. Where necessary, car 
tracks, drive-ways, and walk-ways were carried 
along over the top of the 
trench on temporary supports. 
No part of the Subway where 
the shallow box type was em- 
ployed was built by tunnelling, the latter pro- 
cess being confined to those parts which are 
true rock tunnels—namely, under Murray 
Hill, Washington Heights, and the rock of 
the north-west corner of Central Park. The 
reader is no doubt familiar with the methods 
used in rock tunnelling, so that we may confine 
our attention to the Subway work proper. 

To say that a trench was dug, the steel and 
concrete erected therein, and covered over 
again, is to summarize in a word a picturesque 
variety and complexity of method. The 
nature of the street traffic, the presence of 
car tracks, the nature of soil, of adjacent 
building foundations, etc., all demanded special 
adaptations at each different point of the 
route. Since we cannot describe all, for a 
broad view we may look at three contract- 
sections as exhibiting representative methods. 

In Elm Street, from City Hall north to 
Astor Place, there were no car tracks, no 
important traffic, and few lofty buildings. 
The work was therefore rela- 
tively simple (but see the view, 
Fig. 4). Generally the con- 
tractor opened half the width of the street, 
and dug out the earth down to the desired 
bottom level. The sides of the trench were 
usually held by. sheet-piling, to protect the 
house foundations and prevent caving. TPlank 
walks were bracketed out over the excava- 
tion, in place of the side-walks, where these 
had to be destroyed. 

When the trench was deep enough, a layer 
of concrete was deposited over the floor, and 
on this was laid a thick course of waterproof- 
ing of felt and asphalt. Over this came the 
real floor concrete, in which were formed also 
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the foundation pedestals for the columns. 
Next, the steel frame cf the half width— 
columns, wall beams, and roof beams—was set 
up and riveted. The side-wall concrete with 
its waterproofing course, and, finally, the con- 
crete filling of the roof, were placed with the 
use of moulds. 
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In Fourth Avenue, between 9th and 33rd 
Streets, for example, a double track surface 
railway of the underground 
conductor type occupied tho 
middle of the street, and it 
carried a very heavy traffic, 
which could not at all be interfered with. 


2. Complica- 
tion, by Car 
Tracks. 
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Fig. 4.—SUBWAY WORK ALONG ELM STREET, JUST NORTH OF THE CITY HALL. 
The steel roof beams of the subway framework are clearly visible. 


This finished one half of the structure, 
except for backfilling the.earth over its roof 
and repaving. Then the second half of the 
width was built in precisely the same way, 
joining the structure to the completed half. 
At a few special points, however, the street 
was opened for its full width, and the Subway 
structure built complete in one operation. 

Where rock was met (as in Fig. 5), and 
under busy streets, the work was more in- 
tricate. But one of the most troublesome 
complications was found in street car tracks. 


One expedient for dealing with the diffi- 
culty was to shift the car tracks to one side, 
close to the curb, on a length of 500 to 800 
feet, and carry on the trenching and building 
operations in the clear half of the street ; 
then to shift the tracks over to the finished 
work, and construct the other half of the 
Subway. Tho most difficuit iength was handled 
by this convenient but expensive method. 

For other parts of this section, the car 
tracks were left in position, and trestle sup- 
ports were inserted under them, to permit 
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Fig. 5.—EXCAVATION IN ROCK UNDER A BUSY 
STREET. 
Only half the full width excavated at once. 


the soil to be excavated. Narrow transverse 
trenches were first dug under the tracks, at 
intervals of 40 feet, down to the Subway floor 
level. In these trenches, on a footing of 
concrete, were erected frames of timber posts 
and bracing, carrying at street-level on either 
side of the tracks a pair of longitudinal steel 
girders (see sketch, Fig. 6). The girders sup- 
ported hangers, which held 
up short transverse beams 
drawn in through drifts 
under the tracks. Then 
wedges were driven be- 
tween these beams and 
the track structure, so as 
to throw the weight of the latter entirely 
on to the system of beams, girders, and 
trestles. 

The excavating and building operations 
were thus carried out; in some cases first on 
one side to completion, then on the other ; in 
other cases on the full width simultaneously. 
Cableways were used for hoisting out the 
excavated earth or rock. 

Broadway in its upper part is unusually 
wide, and has a parked strip, 22 feet wide, 
extending along the middle, between the 
car tracks. The Subway was to extend 





347 


about 10 feet beyond either track, leaving 
some width of undisturbed 
pavement along the curbs. 
Rock lay from 5 to 10 feet 
below the surface on much of this length ; 
this required blasting. 

The contractor’s method was simply to 
carve away the parked strip and dig down; 
only, a8 he had also to undermine the car 
tracks laterally, it was necessary to support 
these tracks by timbering.: For this purpose 
a very short length, say 40 feet, was the 
basis of operations. Strong timber or steel 
trusses were set longitudinally on either side 
of each track over the 40 feet working length, 
and excavation progressed on this length from 
the middle toward the sides. As soon as a 
cavity had been made under the track at one 
point, a crossbeam was pushed through, hung 
by bolts to the trusses, and drawn up to a 
bearing against the track. Thus in time the 
whole 40 feet length of track was carried by 
the trusses, and the soil could be taken out 
to the bottom for the full width required 
(Fig 7). Then posts were set up under the 


3. Along the 
Boulevard. 





Fig. 7.—TIMBER TRUSS SUPPORTS USED ALONG 
BROADWAY. 


track, and the load transferred to them from 
the trusses. The trusses being thus relieved, 
they could be shifted along to the next length, 
and the operation repeated. In Fig. 8 several 
sets of these trusses are seen in use. 

The posts continued to support the tracks 
during the erection of the steelwork and con- 
crete, until other supports could be provided 
on the first of the roof beams; and, finally, 
stone filling was laid over the finished roof 
as a new bedding for the track. 

While the preceding is a fair picture of how 
the problem of building the Subway was 
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attacked, there were many local tasks of 
exceptional character that taxed the daring 
and skill of the builders.’ 

At several points the Subway passes under 
the columns of the elevated railways. To be 
able to excavate underneath, it was necessary 


ENGINEERING WONDERS 


OF THE WORLD. 


plot of ground on which the 71mes was pre- 
paring to erect a skyscraper 

office building. The building ashi 
has two cellar stories below the ; 
Subway floor-level. The Subway floor here 
was built on columns which pass down through 





Fig. 8.—TRUSS SUPPORTS OF CAR TRACKS ON BROADWAY. 


to support the columns on timber trestles 
set in pits reaching down to the Subway 


floor-level. Steel girders were 
Supporting placed across these trestles, and 
Elevated ; 
; wedges were driven between 
Railway : 
Columns. the girders and brackets at- 


tached to the columns. to 
transfer the latter’s load from the old to the 
temporary foundation. Later, when the Sub- 
way structure was completed, new concrete 
piers were built on its roof, under the columns. 
The temporary supports in all cases bore the 
load and concussion of the fast railway traffic 
above without the slightest accident. 
At 42nd Street and Broadway, a sharp 
curve, the structure had to cut through a 


these cellars to foundations independent of the 
building. The steel frames of Subway and 
building (Fig. 10) were erected simultancously, 
but are entirely independent. Half a mile 
east, at the Belmont Hotel, the same problem 
was handled in almost the same manner. 

At 59th Street the tall stone shaft of 
the Columbus Monument stands partly 
over the Subway. Specially careful work 
was necessary in undermin- 
ing the heavy stone mass, 
weighing over 700 tons. A 
small tunnel was first dug under the middle 
of the foundation, and a wall built down to 
rock, to furnish a reliable permanent sup- 
port. Then the edge under which the Subway 
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excavation was to be made was supported by 
two steel girders, drawn in through a narrow 
excavation and supported on trestles set in 
deep pits. With this support the earth below 
the overhang could safely be removed and 
the Subway built (see Fig. 9). At present 
stone piers on its roof carry the overhang of 
the monument’s foundation. 

These are only a few out of the scores of 
special problems which arose during the Sub- 
way building. A new difficulty was en- 
countered at every step. Most of them are 
unrecorded, but the completed Subway is the 
monument of those who achieved them. 
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Fig: 9.—SKETCH OF WORK UNDER THE COLUMBUS 
MONUMENT, AT INTERSECTION OF EIGHTH AVENUE, 
BROADWAY, AND 59TH STREET. 






methods described above. For a proper com- 
prehension of their importance, we may note 
that the outer or “‘local’’ tracks have stations 





Fig. 10.—INTERLACING STEEL FRAMEWORK WHERE THE SUBWAY PASSES THROUGH THE 


FOUNDATIONS OF THE ‘“‘ TIMES ” 


BUILDING, BROADWAY AND 42ND STREET. 


The columns at the left belong to the Times building structure. The subway occupies the spaces shown in the upper 


central part of the picture. 


The stations form part of the Subway 
structure itself, and were built with it by the 


(Photo, Pierre P. Pullis.) 


about every quarter mile; while the middle 
or “express” tracks have stations at one to 
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two and a half mile intervals. The former 
are merely recessed outward from the side 
walls of the Subway. The 
express stations have “island 
platforms ”’ between the tracks. 


One of them is shown by the view Fig. 12. 


The 
Stations. 


The platforms are up to 350 feet long, and | 


are at the level of the car floor. Concrete, 
steel, and ornamental and glazed tile (to reflect 





Fig. 11.—SUPPORTING A COLUMN OF THE ELE- 
VATED RAILWAY WHILE THE SUBWAY EXCAVA- 
TION WENT ON UNDERNEATH. 


The original base of the column is seen under the girders 
on which the temporary brackets rest. 
(Photo, Pierre P. Pullie.) 


Fig. 12.—a TYPICAL EXPRESS STATION AS IT AP- 
PEARED BEFORE TRAFFIC COMMENCED. 


The two “express” tracks are between, the “loca!” 
tracks outside, the two platforms. 
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Fig. 13.—cONSTRUCTING A WIDE-SPAN BRICK ARCH 
AT 168TH STREET STATION. 


Tunnel in rock, 150 feet below the surface. 
(Photo, Pierre P. Pullis.) 


a maximum of light) are the only materials 
that enter into the station construction. 
Glass vault-lights in the street sidewalks above 
and large numbers of incandescent lamps 
light the stations. | 

And now just a few words on the equipment 
of the Subway—that is, the signals, power 
system, and cars. 

Without stopping to notice the track work, 
with its ballast-bedded cross- 
ties and its third rail carry- 
ing the power current, we must 


Signals. 


glance at 





Fig. 14.—a sTRETCOH OF THE ELEVATED PORTION 
OF THE SUBWAY WITH STATION, NEAR NORTH- 
ERN TIP OF MANHATTAN ISLAND. 


the block signal equipment, a very essential 
safety provision. 

The express trains make long high-speed 
runs, at speeds up to 45 miles per hour. 
Darkness and curves render it impossible to 
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Fig. 15.—on& OF THE LAMP SIGNALS WHICH PRO- 
TECT THE EXPRESS TRACKS OF THE SUBWAY. 


The upper lamp is the “home” signal, showing red for 
“danger”? and green for “clear.” The lower lamp is the 
‘distant” signal, showing yellow for “caution” and green 
for “clear.” Automatic stop lever for applying brakes 
appears at right of the track. 


rely on seeing the train ahead, and frequent 
collisions would be inevitable if automatic 
lamp-signals were not provided. These 
lamps, set in narrow pedestals at the right 
of the track (Fig. 15), show red (‘‘ danger ’’) 
whenever a train is.close ahead, but as the 
train draws ahead to a safe distance the red 
cover-glass is replaced by a green one. Com- 
pressed air, controlled by electro-magnets, 
moves the glass slides. The magnets are 
energized by an electric current impressed on 
the track rails some distance ahead; a train 
on this section of the track short-circuits the 
signalling current so that the magnet drops, 
the compressed air in the cylinder is released, 
and the slide drops to “ danger ”’ position. . 
This system works with marvellously few 
** misses,” according to the records of opera- 
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tion. Its performance is the more noteworthy 
because the signalling current is alternating 
current; the magnets, etc., had to be so 
arranged that they would not respond to the 
return power current in the track rail (which 
is direct or continuous current), but only to 
the alternating signal current. 

But safety is really attained only if the 
signals are implicitly obeyed. To ensure the 
motorman’s obedience, the Subway is fitted 
with “automatic stops.” When any signal 
is at ‘‘danger” a small metal arm near by 
projects above the track, in position to strike 
a valve-handle on the air-brake pipe of a 
passing train. Thus, if a train runs by a 
signal set at “danger,’”’ its brakes will be 
applied automatically. When the signal is 
green (“clear”) this arm is folded down out 
of the way by a lever connected to the signal 
mechanism. 

Electric current for running the trains is 
generated in an immense power-house on the 
bank of the Hudson at 59th Street. Here 
stand nine 10,000 horse-power 
compound engines, fed by fifty- 
two large boilers, and driving each an 11,000- 
volt three-phase alternating-current gener- 
ator (Fig. 16). The current which they 
produce goes by underground cables to 
several sub-stations, where it is converted to 
direct current of the working voltage, 625 
volts. This is led to the third rail of the 
track by copper feeder-cables. 

The cars (Fig. 17) are notable for strength, 
and for the fact that many of them are built 
wholly of metal. They are 51 feet long, 9 
feet wide, and 12 feet high 
over all. Steel frame, steel 


Power-house. 


Cars. 


-and aluminium sheet, asbestos, etc., displace 


all combustible material except the wicker 
seat surfacing and a wooden floor grid. By 
this and similar precautions it is hoped to 
render impossible an accident like the holo- 
caust on the Paris ‘“ Métropolitain ’ subway a 
few years ago. 
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Eight alternating-current generators, of 10,000 h.p. each 
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THE NEW YORK SUBWAY. 





Fig. 17.—a SUBWAY TRAIN ON THE MANHATTAN VALLEY VIAQUCT. 


At this point there are three tracks, 


Their electric motor equipment is remarkably 
powerful. Each car carries two 200 horse- 
power motors, weighing no less than three tons 
apiece. An cight-car express train, containing 
three trailers and five motor cars, has a power 
capacity equal to that of the largest passenger 
train locomotive. 

The great work of construction sketched in 
the foregoing engaged hundreds of keen, 
highly-trained minds in its planning. Yet it 
was not long completed before 
it proved imperfect; and that 
in a most peculiar way: the 
Subway could not carry as many people as 
wanted to ride on it. This has created a 
problem fully as difficult as building the 


The Heavy 
Traffic. 


Subway—namely, the problem of increasing its 


capacity to the utmost. 

In 1908 the Subway carried over 220,000,000 
passengers, and on the heaviest 
days nearly a million. The 
yearly traffic per mile of single track is 


Congestion. 


(1,408) 23 


The middle one carries express trains south in the morning, north in the evening. 


just thrice that of either the London Tube 
railways or the Chicago elevated lines. This 
spells congestion. 

An easy way to improve this condition would 
be to put more cars on each train, if the 
station platforms were not too short to permit 
this. The convergence of the 
tracks at either end of the : 
: Trains. 
island platforms unfortunately 
prevents lengthening the platforms. This is 
the fault of the designers, of course; but at 
the time they did their work it was not 
thought that anything longer than eight-car 
trains would ever be required. Reconstruction 
with a view to lengthening the express plat- 
forms was begun in 1909, in order that 
ten-car trains may be run. 

The only other solution available is to run 
trains closer together. But this is almost 
impossible. One of the obstacles is a com- 
plicated double crossover at 96th Street 
(where the line forks to east and north), 
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which is in use every minute of the day. 
The crossing is so placed that very frequently 
a train must wait in the sta- 


6 hee , tion until the crossing is clear, 
fee and this delays all trains on 


the line, because the following 
train is held from entering the station. The 
cost of improving this crossing is estimated at 
over half a million dollars. 

In addition, great delays are caused by the 
long time it takes for passengors to leave and 
enter trains at express stations. The two 
doors of each car are quite in- 
adequate for reasonably rapid 
interchange ; and as a train in 
a station holds back the following train, the 
entire system is delayed. The Public Service 
Commission calculates that these excessive 
delays cut down the capacity of the Subway 
by fully one-third. 

These intricacies of operation have been the 
subject of as much deep study as tho entire 
original design of the Subway. It is satis- 
factory to know that two valuable solutions 
have been worked out. One of them is being 
applied in the New York Subway, while the 
other will doubtless find a use in future lines 
of the same character. 

The first is the multi-door 
car, having threc, four, or 
more doors in each side, oper- 
ated by compressed air from the end of the 


Delays at 
Stations. 


Multi-door 
Cars. 
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car. A four-door car, designed for the Com- 
mission by Mr. B. J. Arnold, and a three-door 
car, have been tried. Both proved successful. 
Unfortunately, the curved station platforms 
hamper their use somewhat. 

The other expedient is a multi-track station. 
(Fig. 18 is a design by Mr. 
Arnold). Here two or more 
tracks are provided for each 
line track, so that a train need never wait 
for a station track to be vacated. 

The several operating difficulties just men- 
tioned are evidences of the progress made 
since the New York Subway was first planned, 
and demonstrate how each new engincering 
work leads to further tasks and further ad- 
vances. But it will be evident to the reader 
that the real solution of the New York Sub- 
way problem lies in more subways. The 
city needs them, and must and will build 
them ; it is already planning actively to do 
this. 

Other cities will also build underground 
rapid transit railways. They are a necessity 
in the large city of the future. London and 
Paris already have them on a large scale. 
Philadelphia, Berlin, and Boston have made 
a beginning. The elevated railway, once very 
popular, ruins an entire street with its noise 
and dirt. Though the subway costs more at 
first, its ultimate benefits douktless make it 
the cheaper in the end. 


The Multi- 
track Station. 
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Fig. 18.—SECTIONAL VIEW OF A MULTI-TRACK STATION PROPOSED FOR FUTURE SUBWAYS. 
Each line track has two station tracks, so that an approaching train will always find a station track vacant. 
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BY CHARLES BRIGHT, F.R.S.(Edin.), M.LE.E. 


PART IL. | 


THE SECOND EXPEDITION. 


LL preliminary arrangements having 
A been duly effected, tho ‘“‘ wire squad- 
ron” set forth on its second cable- 
laying expedition on June 10th, 1858, with 
‘fair skies and bright prospects.” This 
time, however, thero was no show of public 
enthusiasm. Mr. Bright was assisted by the 
same enginecring staff, but Professor Thom- 
son had agreed to take a moro active part in 
the electrical work. 

With the barometer standing at 30°64, 
everything augured an auspicious start. This 
prognostication was doomed to a terrible 
disappointment, for the voyage nearly ended 
in the Agamemnon “turning turtle” on her 
way to the mid-ocean rendezvous. She was 
repeatedly almost on her beam ends; the 
coals got adrift, the cable was partly shifted, 
and a large number of those on board were 
more or less seriously injured. The fear was 
that in some of her heavy rolls the whole 
mass of cable would slip and take the vessel’s 


side out. So this precious coil soon came to 
be regarded as a standing danger. 
about the necks of all on board. 

The weather went from bad to worse, until 
as fierce a storm as ever swept the seas was 
eventually experienced, the ocean at this 
period resembling one vast snowdrift. 

However, all things haye an end, and this 
gale of over a week’s duration at last blew 
itself out, tho Agamemnon eventually reaching 
the rendezvous, where she met the rest of the 
squadron. 

The Niagara was*more fortunate, though 
it had been an anxious time with her as 
well as with the smaller craft. She had lost 
her jib-boom, and the buoys she carried for 
suspending the cable had beon washed from 
her sides, no man knew where. 

After taking stock of things generally, a 
start was made to repair tho various damages ; 
but the shifting of the main coil on the 
Agamemnon into a hopeless tangle entailed 
recoiling a considerable length of cable. 

On the morning of June 26th all the prepara- 


356 


Fig. 1.—u.m.s. “ AGAMEMNON” IN A STORM. 


tions were completed for making the mid- 
ocean splice between the lengths of cable on 
the two laying vessels. This being successfully 
performed, each ship set out on her course— 
the Agamemnon towards Ireland, and the 
Niagara towards Newfoundland. Mr. Bright 
was in charge of the Agamemnon (with Messrs. 
Canning and Clifford as engineering assistants) ; 
whilst his assistants, Messrs. Woodhouse and 
Everett, represented him on the Niagara. 

When both vessels had paid out some three 
miles the Niagara’s cable broke, owing to 
overriding and getting off the pulley leading 
on to the paying-out machine. 

Returning to the rendezvous, a new splice 
was made, and a fresh start proceeded with. 
Nothing untoward happened till the second 
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(From a Patnting by Henry Clifford.) 


day, when the cable parted whilst an en- 
deavour was being made to recover a fault 
from outboard. The rendez- 
vous had then to be sought 
again. After the ships had 
duly met, the third mid-ocean splice was 
effected, and once more cach vessel set out on 
her course. 

All went well for some days, until about 
150 miles had been paid out from each ship, 
when suddenly—and for no apparent reason 
—the cable parted a little astern of the 
Agamemnon. It was subsequently discovered 
that the cable had been damaged here, owing 
to disturbance in the tank during the recent 
storm. A fifth return to the rendezvous was 
thereupon made by the Agamemnon ; but as 


Repeated 
Troubles. 
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the Niagara was nowhere to be seen, the good 
ship set out for Queenstown, whither the 
Niagara was found to have proceeded. This 
was due to a misunderstanding as to the 
programme. , 

Thus ended the most arduous and dangerous 
expedition that has ever been experienced in 
the history of cable work. It at any rate 
provided the public with some exciting read- 
ing, emanating from the Times correspondent, 
who had sailed with the Agamemnon. 


Finis Coronat Opvs. 


The sad tale of disaster had spread abroad 
on the Niagara’s return to Queenstown. The 
board was soon called together. It met as 
a council of war, summoned after a great 
defeat, to decide whether to surrender or to 
test once more the chances of battle. 

With most of the directors the feeling was 
one akin to despair. They felt that there 
was nothing left on which to found an ex- 
pectation of future success, or to encourage 
the expenditure of further capital upon an 
adventure so completely visionary. The 
chairman suggested “a sale of the remaining 
cable, and a distribution of the proceeds 
amongst the shareholders.” 

Bolder counsels prevailed, however. There 
were those who thought there was still a 
chance—like Robert Bruce, who, after twelve 
battles and twelve defeats, yet believed that 
a thirteenth might bring victory. 

The projectors made a firm stand for im- 
mediate action, as did also Professor Thom- 
son and Mr. (afterwards Sir Curtis) Lampson. 

The latter succeeded Mr. 
padi eionuceate Brooking as deputy chairman ; 
to persevere. : . 

whilst. the Right Hon. James 
Stuart-Wortley, M.P., took the chair in place 
of Sir William Brown, on the latter’s resigna- 
tion. These advocates of non-surrender suc- 
ceeded at length in carrying through an order 
for the immediate sailing of the expedition for 
a, final effort—an effort which proved to the 
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world the possibility of telegraphing from one 
hemisphere to the other. 

The order for advance having been given, 
the ships forthwith took in coal and other 
necessaries. When everything and everybody 
had been shipped, the squadron left Queenstown 
once more on July 17th, 1858. The vessels 
sailed out of the harbour of Cork amid none 
of the enthusiasm which attended their de- 
parture from Valencia the year before, or 
even the small amount excited subsequently. 
Nobody so much as cheered. In fact, the 
mission was by this time spoken of as “a 
mad freak of stubborn ignorance.”’ * 

The squadron and staff on each vessel were 
the same as on the last occasion, but it was 
agreed that the ships should not attempt to 
keep together this time, each ship making its 
way to the rendezvous independently. The 
latter was therefore reached on somewhat 
different dates. When eventually all the 
forces were together, the mid-ocean splice 
between the Agamemnon’s cable and that in 
the Niagara was duly effected on July 28th. 
Both vessels then started paying out the line 
towards their respective shores. 

During the first day the Agamemnon en- 
countered a huge whale, which at one time 


seemed likely to again spell disaster. Great 

was the relief when the pon- 

derous monster was seen to Exciting 
Incidents. 


move on without doing serious 
damage to the cable. A little later a portion 
of the line was seen to be badly injured a 
mile or so from that which was passing out- 
board. Not a moment was lost in cobbling 
up the defect as well as time would permit ; 
but the electrical continuity had ceased, and 
the cable was thereupon cut, with a view to 
effecting a complete repair. Electrical tests, 
however, revealed the disagreeable fact that 
the fault was really outboard—apparently 
some fifty miles astern ! 

Every moment was of importance, for in 

* Lije-Story of Sie Charles Bright. 
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the ordinary course of paying out, the cut 
end would bo reached in a few minutes, and 
in the meantime the lengthy operation of 
making a splice had to be performed. There 
was therefore nothing for it but to stop the 
ship and restrain the rate of paying out as 
far as practicable, without putting too great a 
stress on the cable. A scene of intense ex- 
citement ensued, for it seemed impossible 
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out a characteristic feature of this voyage ; 
for during the next few days the weather 
asserted itself in most unpromising fashion. 
Indeed, so far as the Agamemnon was con- 
cerned, it seemed as though strong head winds 
were always to be her fate—no matter which 
way her head was turned—thereby exposing 
the expedition to ever-increasing chances of 
disaster. At one time, in fact, it appeared 


A pews 
+ ‘ 


on 5 + 2, le ee 

YY \ i 

Ak} | hm : 
. 7 tw 

£ ; ie ; ‘, -y) &° 


» ree 7 
» Wey ek. u 
ee 


abe f 
y 


Fig. 2.—cOLLISION WITH A WHALE WHILST CABLE-LAYING. 


that the junction could be completed in time. 
As a last and desperate resource, paying out 
was stopped altogether by: the application of 
more brake power and stoppers than was 
really consistent with safety under prevailing 
conditions. Fortune favoured the expedition 
this time, the splice being eventually com- 
pleted in safety, and paying out was resumed. 
Moreover, it was discovered that the electrical 
continuity was, after all, sound. 

But the ups and downs of luck were through- 


more than likely that the good ship would 
run short of coal, and have to resort to burn- 
ing her masts, and even her decks, to bring 
her and the cable safely into Valencia. 

On a certain night the Agamemnon pitched 
and tossed to such an extent that it seemed 
impossible for the cable to hold 
out ; and an untimely end to 
all hopes would undoubtedly 
have come but for the constant watchful- 
ness exercised in regard to the paying out 
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OF THE FIRST ATLANTIC CABLE, 1 A.M., 
1858. 


Fig. 4.—U.8.N.8. 


of the line. The brakes had, indeed, to be 
carefully adjusted every time the stern of 
the vessel rose and fell in the trough of the 
sea. 

To add to these unavoidable anxieties, 
other ships crossing the Atlantic evinced such 
inquisitiveness (or zeal) as to be a frequent 
source of trouble by approaching dangerously 
near; and eventually the Agamemnon had 
to alter her course to avoid a collision, since 
the firing of guns appeared to have no effect. 

Things went well, however, with the rest 
of the voyage; and, in the shoal water not 
far distant from the Irish coast, the change 
from the lower main coil to that upon the 
upper deck was successfully accomplished. 

Never, probably, was the sight of land 
more welcome, for it implied the successful 
termination of one of the greatest and most 
trying enterprises ever undertaken. 

The Agamemnon steamed into the harbour 
of Doulus Bay about 6 a.m. 

Agamemnon © Thursday, August 5th. 
and the A little later a message 
Niagara was received from the Nia- 

reach Land. (47¢ that preparations were 
also being made for landing the American 
end of the line. She had paid out 1,030 


The 


COMPLETING AMERICAN END 
AUGUST DTH, 
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eit | n.M., whilst the Agamemnon had 


accomplished her share of the dis- 
jel tance with an expenditure of 1,020 
i = N.M., making the total length of cable 
laid 2,050 n.m. The cable was then 
cut, and a splice effected with the 
heavier type cable on the Valorous, 
for her to complete the work with 
the aid of boats. 

About 3 p.m. on that day the Irish 
end was safely brought on shore at 
Knight’s Town, Valencia, by the 
engineer-in-chief, “‘to whose energy 
and perseverance,” in the words of 
the Times correspondent, “‘ the suc- 
cess of the expedition was attribut- 
able.” 

Mr. Bright was accompanied by Mr. Can- 
ning, as well as by the Knight of Kerry. 
The end was immediately laid in the trench 
previously prepared to receive ‘ 


it, whilst a royal salute an- First 
nounced that communication Transatlantic 
| | Message sent. 


between the Old World and 

the New had been completed. The cable was 
taken into the electrical testing-house by 
Mr. Whitehouse and attached to a signalling 
instrument, whercupon the first message was 
received through the entire line. 


In contradistinction to the heavy seas and 
difficulties the Agamemnon had encountered, 
her American consort, the Niagara, experi- 
enced quite quict weather. Her part of the 
work was, indeed, comparatively uneventful, 
with the exception of a fault near the bottom 
end of one of the coils. This was happily 
detected and repaired before being paid out 
into the sea. 

The Niagara entered Trinity Bay, New- 
foundland, about 1 a.m. on August 5th, with 
the line safely in tow. Thus during the fore- 
noon of that day she, like the Agamemnon, 
completed her work, with the assistance of 
small craft, by landing the American end of 
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Fig. 5.—LANDING THE AMERICAN END OF THE CABLE. 


the cable. The spot selected as a landing- 
place was Bull Arm, at the head of Trinity 
Bay. It was soon reported that “very 
strong currents of olectricity had been re- 
ceived through the line from the other side 
of the Atlantic.”’ 

The telegraph house at the Newfoundland 
end was some two 
and connected to the cable by a land line. 

Mr. Ficld, together with Mr. Bright’s 
assistant engineers, Messrs. Woodhouse and 
Everett, and the electricians, Messrs. De 
Sauty and Laws, received the heartiest con- 
gratulations from the Governor and Legis- 
lative Council of Newfoundland. Whilst 
acknowledging these congratulations, Mr. Field 
remarked: ‘‘ We have had many difficulties 
to surmount, many discouragements to bear, 
and some enemies to overcome, whose very 


opposition has stimulated us to greater exer- 


miles from the beach, 


tion.” The aptness of these words especially 
come home when it is remembered that 
failure had been extensively predicted—partly 
from sheer ignorance. 


CELEBRATION OF SUCCESS. 


Taken entirely by surprise, all England 
applauded the triumph of such undaunted 
perseverance, and the engineering as well as the 
nautical skill displayed in this victory over 
the elements. The Atlantic telegraph had been 
justly described as “the great feat of the 
century if ever accomplished,’ and this sug- 
gestion was re-echoed far and wide on its 
realization. The following extract from the 
leading article in the Times the day after 
completion is an example of prevailing com- 
ments upon the achievement :— 


‘Mr. Bright, having landed the end of the 
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Atlantic cable at Valencia, has brought to a 
successful issue his anxious and difficult task 
of linking the Old World with the New. Since 
the discovery of Columbus nothing has been 
done in any degree comparable to the vast 
onlargement which has thus been given to 
the sphere of human activity.” 


The sermons preached on the subject in 
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of the first message, New York was awakened 
by the thunder of artillery. That night the 
city was illuminated, and the following even- 
ing a firomen’s procession took place. Indeed, 
nothing seemed too extravagant to give 
expression to public rejoicing, and from the 
Atlantic to the valley of the Mississippi and 
the Gulf of Mexico similar demonstrations 
took place. 
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Fig. 6.—THE NEWFOUNDLAND TELEGRAPH STATION, 1808. 


this country, as well as in the United States, 
were literally without number. Enough 
found their way into print to fill a volume ; 
never had an event touched more deeply the 
spirit of religious enthusiasm. 

Though having comparatively little to do 
with the actual work, our American cousins 
were, as might be expected, far 
more demonstrative than our- 
selves. The landing of the 
cable was in itself a signal for wild excite- 
ment; but on the morning after the reception 


American 
Enthusiasm. 


It was a curious coincidence that the line 
was successfully completed on the same day 
of 1858 on which the first shore end had 
been landed at Valencia the _. , 

‘ Coincidences. 
year before. Moreover, it was 
exactly one hundred and eleven years to a 
day since Sir William Watson had astonished 
the scientific world by sending an electric 
current through a wire two miles long, using 
the earth for the return circuit. 

Bright and his staff were entertained at 


various banquets in commemoration of the 
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event; and a little later the former received 
the honour of knighthood at the unprece- 
dentedly early age of twenty-six—the first 
knighthood conferred in connection with teleg- 
raphy. 

WoRKING THE LINE. 


When the engineers had accomplished their 
share in the undertaking on August 5th, the 
cable was handed over to the electricians in 
perfect condition. Unfortunately for the life 
of the cable, Mr: Whitehouse was imbued 
with the conviction that currents of very high 
intensity were the best for signalling, and he 
used enormous induction coils, five feet long, 
excited by a series of immense cells, yielding 
electricity estimated at about two thousand 
volts potential. Tho insulation was unable 
to bear the strain, and thus the signals began 
to fail gradually. 

For about a week the efforts to work 
through the cable with the apparatus de- 
scribed proved ineffectual, though the power 
was constantly increased. Professor Thom- 
son’s reflecting instrument, which had worked 
so well during the voyage, was then resorted 
to, with ordinary Daniell cells for the generat- 
ing power, and a maximum working speed 
of six words per minute was reached. 

Communication was thus renewed, the first 
clear message being received from Newfound- 
land on August 13th, 1858; and on the 16th 
the following was got through :— 


““Europe and America are united by tele- 
graph. Glory to God in the highest, on earth 
peace, goodwill towards men.” 


Then followed a formal interchange of 
greeting betwixt Queen Victoria and the 
President of the United States in commemora- 
tion of the event. 

The first public news message is shown 
here. It served a peculiarly useful purpose 
at the time in dispelling doubt and fear 
amongst relatives of those on board two 
Cunard steamers which had just collided. 
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Fig. 7.—FACSIMILE OF ONE OF THE FIRST MES- 
SAGES RECEIVED OVER THE FIRST ATLANTIO 
CABLE. 


But the insulation of the precious wire had 
throughout been succumbing to the high- 
potential currents from Mr. Whitehouse’s 
enormous induction coils, and 
the diminished flashes of light 
proved to be only the flicker- 
ing of the flame that was soon to be ex- 
tinguished in the eternal darkness of the 
waters. It is, indeed, extremely doubtful 
whether any cable, even of the present day, 
would long stand a trial of currents of such 
intensity. 

When all the efforts of the’ electricians 
failed to draw more than a few faint whispers 
—a dying gasp from the depths of the sea— 
there ensued in the public 
mind a feeling of profound eee ‘ ee 
disappointment. Still more so eg 
in the minds of those officially 
concerned with the enterprise; for in all 
the experience of life there are no sadder 
moments than those in which, after much 
anxious toil in striving for a great object, 


The Cable 
fails. 
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and after a glorious triumph, the achieve- 
ment which seemed complete becomes a 
wreck. 

However, the engineer of this great under- 
taking had tho satisfaction of knowing that 
he had demonstrated (1) the possibility of 
laying over 2,000 miles of cable in one con- 
tinuous length across a boisterous occan at 
depths of from two to three miles; and (2) 
that by the agency of an electric current 
distinct and regular signals could be trans- 
mitted and received through an insulated 
wire across this vast distance, even when at 
such a depth. The feasibility of either of 
these had, it must be remembered, been 
scouted on all sides. In his presidential 
address to the Institution of Electrical 
Engineers in 1889, the late Lord Kelvin (the 
Professor Thomson previously referred to) 
said: “‘ To Sir Charles Bright’s vigour, earnest- 
ness, and enthusiasm was due the successful 
laying of the first Atlantic cable. We must 
always feel deeply indebted to him as the 
pioneer in that great work, when other 
engineers would not look at it, and thought 
it absolutely impracticable.” 

Following a period of more or less confused 
signals, the line gave out finally on October 
20th, after transmitting 732 messages during a 
period of three months. The wounds opened 
further under the stimulating doses; the 
insulation was unable to bear the strain, and 
the circulation gradually ceased through a 
cable already in a state of dissolution. 

Appropriately enough, the last word it 
uttered was, ‘“ Forward.” 


THE INQUEST. 


The great historical sea-line having col- 
lapsed, some of the foremost electricians of 
the day were called in—first, to determine 
the nature of the interruption, with a view 
to possible remedy ; then, to elicit the cause. 

Mr. Cromwell Varley of the Electric Tele- 
graph Company, Mr. E. B. Bright of the 
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“* Magnetic ’’ Company, and Mr. W. T. Henley, 
the famous inventor, were severally requested 
to report on the matter, in conjunction with 
Sir Charles Bright and Professor Thomson. 

First of all, the dead line was subjected to 
a series of tests. For this, resistance ooils 
and Bright’s apparatus for ascertaining the 
position of a fault were employed. There was 
every evidence of a serious electrical leakage 
about 300 miles from Valencia; but there did 
not appear to be any fracture in the con- 
ductor, as weak currents were still fitfully 
observed. 

According to the above location, the main 
leak through the gutta-percha envelope was 
in a depth of nearly two miles, and at that 
time no means were available 
for dealing with such condi- 
tions. The authorities were 
unanimous in their opinion as to the cause of 
failure. Thus, Mr. Varley declared that “ had 
a& more moderate power been used, the cable 
would still be capable of transmitting satis- 
factory messages ;”’ whilst Professor Thomson 
expressed himself in the following positive 
terms: “It is quite certain that, with a 
properly adjusted mirror galvanometer as 
receiving instrument at each end, twenty 
cells of Daniell’s battery would have done 
the work required. If that had been the 
arrangement from the beginning, and if no 
induction coils had ever been applied to the 
cable since the landing of the ends, tt would 
be now in full work day and night, with no 
prospect or probability of failure.” 

To sum up, in engineering parlance, the 
cause of the untimely end to the ill-used 
cable, perhaps the simplest verdict would be 
that “high pressure steam had been got up 
in a low pressure boiler.” 

In further reference to this line, we may 
suitably note the words of that eminent 
engineer, the late Mr. Robert Sabine. In his 
work on the Electric Telegraph (p. 348) Mr. 
Sabine stated: ‘At the date of the first 


The Cause 
of Failure. 


EARLY ATLANTIC CABLES. 


Atlantic cable, the engineering department 
was far ahead of the electrical. The cable 
was successfully laid—mechanically good, but 
electrically bad. Its electrical failure was, 
of course, bound to spell commercial failure 
-——no matter how great its successful engineer- 
ing feat.” 


COMMERCIAL SUCCESS.* 
THE 1865 CABLE. 


Though their cable had long ceased to work, 
the Atlantic Telegraph Company was kept 
alive throughout by those most immediately 
concerned, who, after the recent successes in 
submarine telegraphy, began, in 1864, to 
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they applauded the project as one of the 
grandest enterprises ever undertaken by man ; 
but when called upon to back up their views 
by something more concrete, not a man would 
put up a dollar ! 

Ultimately, as before, the cost of the new 
cable was subscribed out of British pockets. 
Sir Thomas Brassey, followed by Mr. (after- 
wards Sir John) Pender, set the example in 
this particular. The latter was at the time 
chairman, and the former an ordinary director, 
of the Telegraph Construction and Mainten- 
ance Company, which had just been formed 
to combine the business of the Gutta-Percha 
Company with that of Messrs. Glass, Elliot, 
and Company. 





Fig. 8.—ATLANTIC CABLE OF 1865: MAIN TYPE. 


make fresh efforts to rekindle the interest 
previously entertained in the project. It 
took a considerable time, however, to raise 
all the capital required for another Atlantic 
cable. 

Though embarking on a regular campaign 
in the main American cities, Mr. Cyrus Field 
met with as little success in securing support 
in the States as he had with the previous 
line. The “solid men of Boston” went so 
far as to pass a scries of resolutions in which 


* Several important cables had been laid and worked suc- 
cessfully during the seven years elapsing since the failure of 
the first Atlantic line. These secured communication with 
India, Gibraltar, Malta, Alexandria, and certain islands in 
the Mediterranean, the engincers and electricians to whom 
credit is due being Sir Charles Bright, the brothers Werner 
and William Siemens, Mr. Lionel Gisborne, Mr. H. C. Forde, 
Mr. R. 8. Newall, and Mr. (afterwards Sir Samuel) Canning. 
These works followed after a complete system of electrical 
units and testing had been introduced at the instigation of 
Messrs. Bright and Clark, which had a great deal to do 
with the subsequent electrical and commercial successes. 


The capital eventually raised for the enter- 
prise by the Atlantic Telegraph Company 
was £600,000; and in taking a considerable 
proportion of the shares as payment, the 
Telegraph Construction Company secured the 
contract for the entire work. 


The cable was an expensive one as com- 
pared with that of 1857-8. The actual type 
adopted on the recommendation of the con- 
sulting engineers, Sir Charles 
Bright and Mr. Latimer Clark, 
was much the same in re- 
spect to the conductor and insulator—300 lbs. 
copper to 400 Ibs. gutta-percha per nautical 
mile—as that which the former had suggested 
for the previous line. 

Each sheathing wire was enveloped in a 
serving of Manila yarn, the main object of 
the latter being to reduce the specific gravity 


The New 
Cable. 


366 


of the cable, and render it more capable of 
supporting its own weight in deep water. 
With recent improvements in manufacture, 
this type of cable was found to bear a stress 
of eight tons and to suspend eleven miles of 
itself. It was, indeed, at that time generally 
considered to meet all the various requirements 
in the best possible way. The shore ends 
had a further outer sheathing of twelve 
strands, each strand containing three stout 
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The apparatus adopted for laying the cable 
was generally similar to that previously used 
in 1858, and was installed on board by the 
famous firm of engineers, Messrs. John Penn 
and Sons. ? 

As it was not possible to moor so large a 
vessel as the Great Eastern off the works, the 
cable was cut into lengths as fast as made, 
and coiled on two pontoons, whence it was 
transferred to the big ship. 





Fig. 9.—s.s. “‘ GREAT EASTERN.” 


galvanized iron wires of No. 2 B.W.G., 
bringing the weight up to twenty tons per 
mile. 

It happened that the Great Hastern (the 
conception of one of our greatest engineers, 
Isambard Kingdom Brunel) had just been 
completed. 

This enormous craft of 22,000 tons was 
eagerly secured for laying the cable in a 
single length, thereby avoiding one of the 

many disadvantages under 

The “Great hich the first Atlantic cable 

cecured, Had been placed. This was, 

indeed, the first piece of really 
useful work she (the Great Eastern) was 
destined to perform. 


As soon as all the cable had been shipped, 
the Great Eastern, under the command of 
Captain (later Sir James) Anderson,* left the 
Thames on July 23rd, 1865, with a total dead 
weight of 21,000 tons, and 


proceeded to Foilhommerum Pe she 
perations 
Bay, Valencia. Here she atted: 


joined up her cable to the 
shore end, landed the day previously by a 
small vessel, s.s. Caroline. 

The great ship then started laying the line 
towards Newfoundland, escorted by two Brit- 
ish men-of-war, the Terrible and the Sphinz. 

On behalf of the contractors, Mr. (afterwards 


* Afterwards the able managing director of the “‘ Eastern” 
and Associated Telegraph Companies. 
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Sir Samuel) Canning was the engineer-in-chief, 
with Mr. Henry Clifford, Mr. John Temple, 
and Mr. Robert London as assistants. Mr. 
C. V. de Sauty served as chief electrician, 
assisted by Mr. H. A. C. Saunders and several 
others. As in the previous undertaking, on 
account of his proved skill, Commander H. A. 
Moriarty, R.N., was supplied by the Admiralty 
as navigator to the expedition. The At- 
lantic Telegraph Company was represented on 
board by Professor Thomson and Mr. C. F. 
Varley as consulting electricians. Both Mr. 
Field and Mr. (afterwards Sir Daniel) Gooch 
accompanied the expedition, the latter on 
behalf of the Great Eastern Ship Company. 

Unfortunately, trouble soon arose. The 
first fault revealed itself when only cighty- 
four miles had been paid out. This fault 
being some ten miles astern, picking up back 
to the fault was resorted to. As soon as the 
faulty portion had been cut out and a fresh 
splice effected, paying out was resumed ; but 
after 716 miles had been laid another fault 
caused trouble. The arduous operation of 
picking up had then to be repeated, until 
this fault was safely on board and the neces- 
sary repair effected. 

When two-thirds of the way across yet 
another defect was found to exist, involving 
the same operation, but in much deeper 


water. Only one mile had 
: es been recovered when an acci- 
aii on dent to the machinery caused 


the line to part. Repeated 
efforts to recover one or other end of the 
lost cable seemed doomed to failure ; and the 
store of rope becoming quite exhausted, the 
expedition had to return home — shattered 
in hopes as well as in ropes. 


THE SECOND AND SUCCESSFUL ATTEMPT. 


The results of the recent voyage, disastrous 
as they were, in no wise abated the courage of 
the promoters. On the contrary, there was 
much to encourage them. During the heaviest 
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weather the Great Hastern had shown ex 
ceptional “stiffness,” while her great size 
and manoeuvring power (afforded by the 
combination of screw and paddles) seemed 
to prove her to be the very type of vessel 
for such work. Since then it has been 
found that paddles are a source of trouble in 
cable operations, where the line has often to be 
passed from one end of the vessel to the other, 
besides being ill-adapted to rough weather in 
the open ocean. 

To meet financial difficulties, and for the 
purpose of a fresh venture in 1866, the At- 
lantic Telegraph Company was amalgamated 
with a new concern, the Anglo-American 
Telegraph Company, the same capital being 
sought for as before. 

In the financing of this the late Sir Daniel 
Gooch took a prominent part, and Mr. Brassey 
promised to bear a tenth of the total cost 
of the enterprise. Ultimately the Telegraph 
onstruction Company led off with £100,000, 
whilst undertaking the contract under favour- 
able terms. 

In this fresh venture it was intended not 
only to lay a new cable across the Atlantic, 
but to make good the one already partially 
laid. In view of the unexpended cable, only 
1,600 miles had to be manufactured for the 





Fig. 11.—sHorE END CABLE, 1866. 
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Fig. 12.—PIcKING-UP MACHINE USED IN 1866. 


above programme, and to provide a sufficient 
reserve. 

The new main cable was similar to that 
of the year before, but Messrs. Bright and 
Clark’s shore end type had this time only 
one sheathing of twelve contiguous iron 
wires of great individual surface and weight, 
and outside all a covering of tarred hemp 
and compound. A substantial length of 
other types was also made for intermediate 
depths approaching each shore end. 

A 70 horse-power steam cngine was fitted 
to the paying-out machine, so that it could 

be used, as in 1858, for 


eee picking up during laying if 
cute: required, thereby avoiding the 


risk incurred by passing the 
cable from the stern to the bows. The pick- 
ing-up apparatus forward was considerably 
strengthened by the fitting of spur-wheels and 
pinion gearing. With two drums worked 
by a similar pair of: 70 horse-power trunk 
engines, this constituted an exceedingly 
powerful machine. Similar gear was also 
fitted to the smaller vessels. 

With a further view to picking up the 1865 
cable, twenty miles of rope were manufactured, 
consisting of several iron wires, each sepa- 
rately covered with Manila hemp. This rope 
was capable of bearing a stress of thirty tons. 


Five miles of buoy rope were also provided, 
(1,608) 
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besides buoys of different shapes and sizes, 
the largest of which would support a weight 
of twenty tons. Then, again, several different 
kinds of grapnels were supplied; so that 
altogether the forthcoming expedition was 
not likely to fail for want of sufficient materials. 

On June 30th, 1866, the Great Eastern again 
set forth for the landing-place at Valencia, 
accompanied by the same consorts as before. 
The staff on board, represent- 
ing the contractors, were the 
same as in the previous year, 
except that on this occasion 
Mr. Willoughby Smith acted as chief electrician. 
Professor Thomson accompanied the expedi- 
tion as consulting electrical adviser to the 
Atlantic Telegraph Company, whilst Mr. Varley 
was ashore at Valoncia as their electrician. 
Sir Charles. Bright (then M.P. for Greenwich) 
was ultimately prevented by pressing Parlia- 


The ‘‘ Great 
Eastern ’’ sets 
out again. 


4 sare APTS PRT TRAN Ori any 
Blt a ata s 
me i 


By: = 


. 
ty oF 
Mae o 
Suh? 
x 
o * . 
yo 
te 


Re 
ie 






Sit ted “ , an TOR oe up at! runaheiaet - — 
~ 8 —r. on” 
ve yee i 
! ue Ovi 
4 “a A 5 


. 
. 
-* 
ae 
* 
» 


< 


j & 


tee 
‘ 


Boge 
; 7 ee 
aie omg 





Se thes 
Et 


ww 


o* > we pe ee me -: 

ae SER I Oe 
4 ea ye 8 + 

a ’ 


Fig. 13.—svoys, 
THE 1866 EXPEDITION. 


GRAPNELS, ETC., USED DURING 


VOL. II. 


370 





Fig. 14.—a FOUL IN CABLE TANK WHILE PAYING OUT. 


mentary duties from accompanying the ex- 
pedition, but his partner, Mr. Latimer Clark, 
took up quarters at Valencia to personally 
represent the firm as consulting engineers ; 
whilst Mr. J. C. Laws and Mr. Richard Collett 
were respectively aboard and ashore (at the 
Newfoundland end) on the same behalf. 
Then, again, Mr. (afterwards Sir Richard) 
Glass, the managing director of the Telegraph 
Construction Company, went to Valencia in 
order to give any instructions through the 
cable to his (the contractor’s) staff on board ; 
whilst Mr. Gooch and Mr. Field once more 
took passage on the big ship in their in- 
dividual interests. 
The cable fleet having duly assembled at 
the starting-point, the William Cory (commonly 
called the Dirty Billy) landed the shore end, 
and then laid twenty-seven 
aoe miles of the intermediate type 
cable. The Great Lastern 
thereupon took charge of the end; and, 
having spliced up with her cable on board, 
started paying out across the Atlantic. Very 
soon there was a foul in the tank, due to 
broken wires catching neighbouring turns and 
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flakes, thus drawing up a 
whole bundle of cable in an 
apparently inextricable mass 
of kinks and twists quite close 
to the brake drum. 

The ship was, however, 
promptly got to. a standstill, 
and all hands set to unravel- 
‘ling the tangle. With a cer- 
tain amount of luck, no evil 
results attended this mishap ; 
and, after the wires had been 
straightened out as far as 
possible, paying out was re- 
sumed. 

Fourteen days after starting 
the Great Eastern arrived off 
Heart’s Content, Trinity Bay, 
where the Medway joined on 
and landed the shore end, thereby bringing 
to a successful conclusion the laying of the 
1866 Atlantic cable, the length 
laid being 1,852 nautical miles. 
From an engineering stand- 
point, however, this was a repetition of the 
work that had been effected eight years 
previously. It was then accomplished with 
about the same number of mishaps, though 
with no applicable experience to go upon ; 
and, on the other hand, with the disadvan- 
tage of laying the cable from two separate 
ships instead of one. 


The Cable 
landed. 


‘RECOVERY AND COMPLETION OF THE 1865 
_ CABLE. 

It now remained to find the end of the 
previously lost cable—some 600 miles from 
Newfoundland—to splice on the new cable, 
and thus finish the work so unfortunately 
interrupted the year before. Having reim- 
bursed herself with coal, the Great Hastern 
again put to sea from the other side, to- 
gether with the rest of the fleet, and arrived 
on the scene of action on August 12th. The 
plan adopted was for the Great Hastern, 
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Fig. 15.—tTHE “GREAT EASTERN’ COMPLETING THE SECOND ATLANTIO CABLE. 


Albany, and Medway to drag simultaneously, 
but at points some miles apart, for the cable 
more or less near its end. As soon as the 
line had been raised to a certain height, it 
was to be cut by the Medway, stationed to 
the westward of the Great Hastern, so as to 
enable the latter vessel to lift the Valencia 
end on board.* 

Without following the sequence of events too 
closely, it may be remarked that for thirteen 
days, in all sorts of weather, the cable was 

alternately hooked and_ lost. 


Repeated = Twice it actually reached the 
Failures. ; ’ 

surface, only to slip away, like 

a great eel. However, the thirteenth drag 


* Thies was, of course, before the introduction of combined 
cutting and holding grapnels, which nowadays enable a 
single ship to effect such repairs with the aid of buoys—even 
where it is impossible to recover the cable in a single bight. 
Otherwise, the routine to-day is much the same as above 
desoribed. 


brought better luck, and the cable was picked 
up by the Great Hastern in a perfect calm. 
The monster ship did her work admirably 
throughout. To quote the words of Dr. 
(afterwards Sir William Howard) Russell, the 
Times correspondent on board : ‘‘ So delicately 
did she answer her helm, and coil in the film 
of thread-like cable, that she put one in mind 
of an elephant taking up a straw in its pro- 
boscis.” 

When the bight was some nine hundred 
fathoms from the surface the grappling rope 
was buoyed. The big ship then proceeded 
to grapple three miles west of the buoy, and 
the Medway another three miles further west. 
The cable was soon once more hooked by both 
ships ; and when the Medway had raised her 
bight to within three hundred fathoms of the 
surface she was ordered to break it. 
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The Great Hastern having stopped picking 
up when the bight was about eight hundred 
fathoms below water, she proceeded to regume 
the operation as soon as the intentional 
rupture of the cable had eased the strain 
sufficiently. Slowly but surely, and amid 
breathless excitement, the long-lost line at 
last made its appearance (for the third 
time) above the surface. This was a little 


before one o’clock (early morn) of September 
2nd.* 
Eventually the precious end was got on 





Fig. 16.—pIAGRAM TO EXPLAIN HOW THE 1865 
CABLE WAS PICKED UP. 


A, Point where cable was buoyed by the Great Hastern. 
B, Point where cable was broken by the Medway. C, Bight 
of cable ultimately brought to the surface by the Great 
Eastern. 


board, and signals were exchanged with 
Valencia. The line was then 
tested, and much suspense 
was relieved when it was 
found to be in a perfectly healthy condition 
throughout. 

Before leaving this subject, a remarkablo 
incident, indicative of smart navigation, should 
be referred to. This was the bumping of the 
Great Kastern—whilst in the act of picking 
up—against a buoy put down to mark the 
supposed line of the cable. 


Success 
at Last. 


Let us now turn for a moment to those 
patiently watching day after day, night after 
night, in the wooden telegraph cabin on shore.{ 

* Submarine Telegraphe. 

{1 This description may also be taken as applicable to 
present-day experiences of those at a cable-testing hut ashore 
during repairing operations. 
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So much time had elapsed since the expedition 
loft Newfoundland that the staff at Foil- 
hommerum frequently felt that there was no 
more hope of a successful issue. 

Suddenly, at about six o’clock on a Sunday 
morning, the electrician on duty observed the 
tiny ray of light from the reflecting instru- 
ment moving to and fro across the scale. The 
long speechless cable then began to talk, and 
the welcome assurance arrived :—“Ship to 
Shore: I have much pleasure in speaking to 
you through the 1865 cable; just going to 
make splice.” 

The recovered end was joined on to the 
cable aboard without further delay, where- 
upon the Great Eastern started paying out 
towards Newfoundland. 

When within a few miles of the latter— 
just after receiving a summary of the news 
in the T'imes of that morning—a fault showed 
itself on board. This was, however, soon 
made good without further trouble, and the 
rest of the main cable successfully laid shortly 
afterwards. 

The Medway then landed the shore end in 
Heart’s Content Bay; and the final splice 
having been duly effected and passed over- 
board, a second line of com- 


munication across the Atlantic The 1865 
; Cable 
was completed that evening completed 


(September 8th, 1866). The 
total length of this cable, 
1865, was 1,896 N.M. 


commenced in 


ConcLUSION. 


The main accomplishment in connection with 
the second and third Atlantic cables (1865-6) 
was, without doubt, the recovery of the 
former from deeper water in the open ocean 
than had ever been before effected ; just as 
in the first (1858) line, it was the demon- 
stration that a cable could be successfully 
laid in such a depth and worked through 
electrically. 

Professor Thomson’s reflecting apparatus for 
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Fig: 17.—tTHx “ GREAT EASTERN” PICKING UP THE 1865 CABLE, SEPTEMBER 2ND, 1866, 
DEPTH OF WATER, 2 MILES. 


(From a Painting by Henry Clifford.) 
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testing and signalling had been considerably . 


improved since: the-laying of the first cable. 
Yet, notwithstanding the dimensions of the 
core, these new lines only worked at first at 
a rate .of eight words per minute. This 
speed was, however, increased later on up to 
fifteen words per minute by the application 
of .condensers in the receiving circuit at 
each end. 

- Unfortunately, both cables broke down 
few months after they were laid, and one of 
them again during the following year. The 
faults were localized with great accuracy by 
‘Mr..F. Lambert on behalf of Messrs. Bright 
and Clark, as engineers to the “ Anglo- 
American’ Company ; and, not having been 
killed electrically like that of 1858, these 


cables were in due course repaired, afterwards 


doing good work for several years. 
On the return of the 1866 expedition a 


banquet: was given to those, concerned in the 
undertaking, and speeches suited to the 
occasion were made by Sir Charles Bright, 
M.P., in responding as one of the original 
projectors, and as engineer to the various 
enterprises, as well as by the American consul, 
on behalf of Mr. Cyrus Field; but the re- 
maining projector, Mr. J. W. Brett, had died 
in the interval. 

Appropriate honours were velibeoanenitly be- 
stowed on those immediately associated with 
these further undertakings, which left their 
results behind in complete and lasting form. 

Other transatlantic cables have since been 
laid from time to time, and there are now 
as many as sixteen in all. Several of these 
are controlled by the same companies, whilst 
those connecting the American continent with 
France and Germany are yoni by foreign 
interests. 





FHE ‘GREAT EASTERN’? BUMPING AGAINST THE BUOY. 





RUSSIAN RAILWAYS IN 
CENTRAL ASIA. 


BY T. FLETCHER FULLARD, M.A. 


HE great majority of railways 
have been built for strictly 
commercial purposes, while a 

few owe their existence to the need 
for the rapid transport of troops to 
points where they may be of greatest 
service for protecting or extending 
. the frontiers of an empire. 

Chief among the latter class are 
the Trans-Siberian and Trans-Caspian 
Railways, the second of which forms 
the main subject of this chapter. If 
you look at the map of Western 
Asia, you will observe a continuous 
thin black line terminating at one 
end on the shores of the Caspian Sea, 
at the other on the southern slopes 
of the Alai Tagh. This line marks 
the route of the Trans-Caspian Rail- 
way. After leaving the greatest of 
inland seas, it runs for more than 
1,150 miles eastward through sandy 
wastes punctuated at long intervals 
by fertile oases. At Merv it throws 
off a southerly branch to the confines 
of Afghanistan; at Khojent a track 
reaching to Tashkent, a great military 
centre of Central Asia; at Khokand a small branch to New Marghilan. The sketch map 
appended shows the position of these places, and also of Kizil Arvat, Geok Teppe, Askabad, 
Chardjui, Bokhara, and Samarcand—historic towns these two last—which the lino has put in 
easy communication with the Caspian. 

Ever since the middle of the seventeenth century the Russians have sought elbow-room 
to the east and south-east of their European empire. They felt their way up the Syr Darya 
to Tashkent, down the Amu Darya to the Khanate of Bokhara. In 1865 they 

Russian nade good their position at Tashkent; but the river route from that town 

Pioneers. ; 

to the Aral Sea, and thence across the steppes to Russia, was long. The 
day of the railway had arrived; so M. Ferdinand de Lesseps was invited to draw out plans 
for an iron track from Orenburg, on the border-line between the two continents, and Tashkent. 





AN OIL-BURNING LOCOMOTIVE OF THE TYPE USED ON THE 
TRANS-CASPIAN RAILWAY. 


(Photo, Locomotive Publishing Company.} 


at : 
vt Py ’ , 
hy ith ws, 2h nae 
th Ma, _ gh vs 
ae 
a 


sy 
f fe Shae at te 


on Gare yer 
4 AVENE 4 


Pore ine 4 
sa 


fw LS 


CLEARING AWAY SAND FROM THE TRACK. 
The engineers were greatly hampered by the dust storms in regions where the railway passed through sand dunes. 
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worked their hardest, to keep 
rail-head as near as possible to 


Hi in S i) Elpida the invading army. So useful 
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to extend the first section of 
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SKETCH MAP OF THE TRANS-CASPIAN AND ORENBURG RAILWAYS. 


M. de Lesseps’ plans of the ’sixties were 
pigeon-holed, but the line has recently been 
constructed. 

In 1881, Russia decided to adopt an alter- 
native route from the eastern shore of the 
Caspian Sea, through the country of the war- 
like Turcomans. As the building of a railway 
would mean much preliminary hard fighting, 
the business was put into the hands of Skohe- 
leff, the celebrated “‘ White General ’’ who had 
distinguished himself in the Russo-Turkish 
War of 1878, and had already tried conclusions 
with the Turcomans of the northern steppes. 

He selected as his base of operations the 
village of Uzun Ada, a small post opposite to 
Baku, of petroleum fame. At this place he 
collected an army and thou- 
sands of transport camels. 
When all was ready, he flung 
his forces against the foe, routed them time 
after time, and sacked Geok Teppe, a fortress 
some 300 miles distant from the Caspian. The 
ground being cleared so far, General Annen- 
koff, a military engineer of wide experience, 
appeared on the scene, and soon had brought 
to Uzun Ada 100 miles of steel rails and 66 
miles of narrow-gauge track. While Skobe- 
leff fought, Annenkoff and his railway gangs 


The Conquest 
of Turkistan. 


were level and uninterrupted 
by rivers, so that little grading 
and no bridgework was _ re- 
quired. As a set-off against these natural 
advantages, the engineers had to face a great 
scarcity of water for men and locomotives, 
and the occurrence of storms which swept 
up the sand of the rolling dunes and de- 
posited it in waves along the track. The 
first difficulty was overcome by bringing salt 
water from the Caspian, and condensing it 
at points where it was needed. Later on, the 
condensing was done on the Caspian shore, 
and the sweet water transported in huge 
truncated pyramids of wood, each containing 
a thousand gallons, built up on wheeled plat- 
forms of proper gauge. At one time a train 
of forty or fifty of these tanks might be seen 
proceeding slowly across the steppes—a great 
obstacle to traffic on a line but poorly pro- 
vided with sidings. 

The prevention of encroachments by sand 
offered a problem more difficult to solve. 
Where water was plentiful—that is to say, 
for a comparatively small distance from the 
Caspian—the sand was liberally soaked and 
solidified, and covered by a blanket of clay. 
When water and clay failed, recourse was had 
to planting the sand hills on either side of the 
line with desert scrub, and erecting wooden 
palisades. But even these precautions did not 
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obviate the necessity for constantly clearing 
the metals of the deposits which evaded all 
obstacles placed in the path of the storms. 
The district through which the railway 
passed was destitute of all kinds of fuel. Fortu- 
nately for the scheme, the vast 
oil fields of Baku were within 
easy reach of the western ter- 
minus, to which large tank-steamers brought 
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in its early days but for this fortunate supply 
of liquid fuel. We may note that in the year 
1901 the locomotives on the system consumed 
nearly 90,000 tons of petroleum, and but 
1,100 tons of coal. 

When they reached Kizil Arvat the engineers 
laid aside their tools for four years, as the 
immediate purpose of the railway—to com- 
plete the subjugation of the Turcomans—had 





TRAIN OF CONICAL WATER CISTERNS, SUCH AS WERE USED DURING THE CONSTRUCTION OF THE 
TRANS-CASPIAN LINE. 


the astaktt, or heavier constituents of rock 
oil left in the retorts after the distillation of 
benzine and lighting oils. Since the opening 
of the Trans-Caspian Railway rock-oil deposits 
have been discovered close to the line, so 
that the fuel difficulty has been met most 
effectively. Coal, too, exists in large quanti- 
ties in the province of Samarcand, and thus 
a “second string” is available should the 
petroleum deposits show signs of exhaustion. 
Meanwhile all the locomotives on the system 
are worked economically with the petroleum 
refuse, which is sprayed into the furnace by 
a special apparatus and develops intense heat 
during combustion. It is difficult to imagine 
how the “ Trans-Caspian ” would have fared 


been accomplished. In 1885, however, fresh 
dreams of conquest were dreamed by the 
Tsar and his advisers. The 
word went forth that the line 
was to be pushed on into the 
heart of Turkistan, and throw off a branch 
to the Afghan frontier. Three engineers-in- 
chief were appointed to take command of a 
staff composed of men of conspicuous ability, 
to whom in turn was entrusted the super- 
vision of an army of 22,000 native labourers, 
organized on military lines. Vast quantities 
of Russian rails and of sleepers from the Baltic 
and Caucasus were collected, and also a large 
number of engines, coaches, and trucks. The 
Turcomans, Bokhariots, and Persian work- 


Rail-head 
reaches Mery. 
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men proved themselves ready pupils, and all 
worked in six-hour shifts with such good will 
that in fourteen months rail-head was advanced 
352 miles from Kizil Arvat to Merv, the 
“Queen of the World,” as it is named by 
Eastern poets. The Russians had captured 
the town, after little opposition, in 1884. 
When the first locomotive steamed into 
this solitary oasis in a vast desert, Russia 
had ensured for herself the command of an 
important avenue between north and south. 
She had driven a wedge in between the Turco- 
mans and the Afghans; and in order to over- 
come the latter, a line some 200 miles long 
was built to the political frontier of Afghan- 
istan, and material there collected to advance 
the rails to the very walls of Herat itself if an 
opportunity should offer. This branch towards 
the “ Key of India” is the most jealously 
guarded section of the whole system. No 
foreigners find a seat in its rolling-stock. 
From Merv the main line was continued, 
after the men had made holiday for a few 
wecks, in a north-east direction, to Chardjui 
on the great river Oxus, now 
usually named the Amu Darya. 
Here the engineers were con- 
fronted with a big bridge-building proposition. 
At this point the river has a width of about 
3,000 yards. To carry a railway across a 
channel which at times is filled by a turbulent 
stream was no light task. A steel bridge 
being out of the question at the time, several 
thousands of long piles were driven down into 
the mud to form trestles, on which were laid 
the longitudinal beams for the rails. The cost 
of materials was £44,000; the time occupied 
in getting it all into position only six months, 
so that the builders may be credited with a 
very fine performance. As a fire could, by 
destroying the structure, isolate the eastern 
section of the railway from the Caspian base, 
six fire stations were distributed over the 
bridge, and patrols guarded it constantly day 
and night, observing special vigilance after 


Bridging 
the Oxus. 
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the passage of a “ Devil’s Chariot,” by which 
uncomplimentary title the locomotive was 
known among the natives. Shortly after the 
completion of the bridge it was discovered that 
a steamer, intended to take a Russian general 
on an exploring expedition up-stream, had 
been left below the bridge, which accordingly 
had to be cut through to permit its passage. 
This operation impaired considerably the 
stability of a structure none too firm origin- 
ally ; so, as soon as conditions permitted, 
the wooden work was replaced by steel piles 
and girders. 

To the north-east of the Oxus the rails were 
advanced first to Bokhara, where anti-Euro-' 
pean feeling still showed itself so strongly that 
the city was avoided—a branch 
line afterwards linked it up to 
the system—and then to Sam- 
arcand, the old capital of Central Asia in the 
palmy days of the great conqueror Timur, 
whose tomb is still one of the greatest wonders 
of the district. This city, situated some 934 
miles from the Caspian, welcomed the railway 
more kindly than did the Bokhariots, and 
decked itself out bravely to receive the first 
train. A-regular service between Samarcand 
and the Caspian was inaugurated in 1888. 

For the second time railroad construction 
ceased. General Annenkoff received from the 
Tsar as recognition of his work a letter of the 
warmest thanks and the diamond Order of 
St. Alexander Nevsky. It is sad to relate that 
this great engineer’s name was subsequently 
associated with some ugly stories of peculation 
—the curse of the Russian public services— 
and that he ended his days under a cloud, if 
not in actual disgrace. 

Ten years passed, and then the Russians 
began to move again. The 


Samarcand 
reached. 
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ready, was taken in hand, 
and the main line extended eastwards to 
Tchernayevo—whence a branch runs north 
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to Tashkent, 1,153 miles—and on to Khokand. 
At the latter place the track forks. A northern 
extension reaches to Andizhan (1,260 miles); 
another, somewhat to the south, to New 
Marghilan. Both these termini are in the fer- 
tile, cotton-growing valleys of Fergana, and 
from them come large quantities of cotton to 
the Russian factories. It may be said that, 
while the main part of the system—that from 
the Caspian to Tashkent—.is a military railway, 
the stretch from Tchernayevo to Andizhan and 
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have, however, caused the Russians to pay 
greater attention to theCentral Asian provinces, 
and to improve the means of communication. 
The railway, which has a single track of 5°304 
feet gauge, was in.the first instance built as 
economically as possible—witness the merest 
apologies for stations, and the wooden bridges. 
In recent years the gradients have been re- 
duced, the slopes of cuttings flattened, and the 
sleepers relaid on good ballast ; and in place 
of the goods wagons that served for material 





THE ‘“‘ SAND PANEL” SYSTEM OF KEEPING A RAILWAY TRACK FREE FROM SAND. 
The panels—boards stood on edge and attached to short posts—are set obliquely to the quarter whence the prevailing 


winds blow. 


Marghilan is commercial. The future will 
show whether the Central Asian Railway— 
as it was first named in 1899—will prove more 
valuable as a carrier of soldiers or of mer- 
chandise. Thanks to the present friendly 
relations of Great Britain and Russia, the 
Indian invasion bogie which bulked so large 
in the popular imagination a decade ago 
has been laid. Their reverses in Manchuria 


The winds carry the sand along the face of the panels, and deposits it at the outer end. 


and passengers alike, comfortable cars, with 
all conveniences, have come into use. Since 
1888 the railway has been a paying concern, 
though large sums have had to be expended 
on the provision of a good western terminal. 
Usun Ada remained the terminus till 1896, 
when it was abandoned owing to the diffi- 
culty and cost of maintaining a sufficient depth 
of water in the harbour. Krasnovodsk, lying 
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about 40 miles to the north-west, was chosen 
in its stead, and a waste place converted into 
a well-equipped harbour. In order to render 
the railway as self-supporting as possible, 
extensive workshops, capable of turning out 
all kinds of rolling stock, from a goods wagon 
to a locomotive, have been erected at Kizil 
Arvat, which a little more than a century 
ago was a stronghold of the barbaric Turco- 
mans. The sons of men who fought for the 
prophet with spear and flintlock are handy 
mechanics in the shops. 


This brief account of the Central Asian 


Railway should not close without reference 
to another great scheme—the Orenburg to 
Tashkent line—which was completed in 1905. 
(See sketch map.) 

Orenburg, a fortificd town of 60,000 inhab- 
itants, is situated on the river Ural. It has 
been said of it that if Peter the Great built St. 
Petersburg as a peep-hole into 
Europe, he used Orenburg as 
a window to look into Asia. 
For two hundred years it has been the base 
for ‘‘ research ” expeditions into the heart of 
the continent, and also the terminus of the old 
posting road along which came the merchandise 
of Asia—silks, skins, and carpets—to be ex- 
changed for sugar, grain, and hardware of all 
kinds. When Orenburg 
was connected to Samara, 
on the Trans - Siberian 
Railway, a project was 
set on foot for building 
a line south-eastwards to 
Kazalinsk on the north- 
east of the Aral Sea, up 
the Syr Darya valley to 
Perovsk and Turkistan 


The Orenburg- 
Tashkent Line. 
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the old posting road, and had the double 
advantage of passing through easy country 
and taking a course that for sentimental 
reasons appealed to the Slav imagination. 

Prince Khilkoff, who knew more about rail- 
way work than any other Russian living, took 
the matter in hand with his characteristic 
energy. Construction was begun at the Euro- 
pean end and pushed ahead vigorously, and 
in 1901 the engineers began operations north- 
wards from Tashkent. In 1904 the two sec- 
tions met, and the following year the line was 
opened for passenger traffic. Great was the 
joy of the inhabitants of Tashkent, for the 
new railway put them within seven days’ 
journey of St. Petersburg, as compared with 
the twenty-two days’ journey by road and 
rail which previously had been the alternative 
to travelling 1,500 miles to the Caspian, cross- 
ing to Baku, and thence taking rail northward. 
Their rejoicing was shared by the people of 
Merv and Fergana, who now had a second 
outlet for their cotton. Viewed from the 
strategic aspect, the railway is most valuable 
as a feeder for the large garrison at Tashkent, 
which is rapidly increasing the number of its 
European residents. One wonders, in fact, 
why this route was not adopted in the first 
instance in preference to that from the 
Caspian. 

The future may see 
Tashkent put in com- 


D ree a0 
* Ee munication with Omsk, 
— cre ade 8 st to complete a triangle of 


att 


§ 
: which the Samara-Oren- 
burg-Tashkent line and 
the Samara-Omsk section 


of the Trans-Siberian 


PERUGEESE 


I 
7 
9 
6 


eA ad Ei 
SEF 


town, and thence across 
the open steppes to Tash- 
kent. The route mapped 
out followed very closely 
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THE TIME-TABLE OF THE TRANS-OASPIAN 


RAILWAY AND ITS BRANCHES. 


(By courtesy of the Proprietors of Bradshaw's 
‘* Continental Ratlway Guide.’’) 


Railway form the other 
two sides. Though much 
has been done, railway 
building in Central Asia 
is still in its infancy. 
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32 BY 14. 


IN 
TOTAL WEIGHT, 
WEIGHT, 


MACHINE 
4224 Tons. 


WORLD. 
THE FIVE DRIVING MOTORS, 


2074 HORSE-POWER. 
MENSIONS OF BED, 13 BY 
60 FEET. 


THE LARGEST METAL PLAN- 
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THE PLANER ON ERECTING FLOOR READY FOR TESTING BEFORE SHIPMENT. 


Kighty-niae men are shown on the machine. 


A COLOSSAL TOOL. 


must be accorded to a monster re- 

cently completed at the works of the 
Niles Bement Pond Company, Philadelphia. 
This huge tool weighs 422} tons—the avoirdu- 
pois of half a dozen large locomotives—and 
requires motors with a total of 2074 horse- 
power to drive the table carrying the work to 
be planed, the slotter bars, and other moving 
parts. 

The bed of the machine accounts for 130 
tons of metal. It is 60 feet long, 13 feet wide, 
and 73 inches deep at the centre. Owing to 
its great weight the bed could not be trans- 
ported as a single unit, and consequently was 
divided into seven parts, all machined and 


A MONG planing machines the premier place 


fitting together with the greatest accuracy. 
The table was, for the same reason, divided 
longitudinally down the centre into two por- 
tions, each weighing over 30 tons. 

Flanking the bed and table on either side 
rises a massive upright, 25 feet high, 12 feet 
deep, and 30 inches wide. The two uprights 
are connected at the top by a proportionately 
gigantic cross-brace, and carry a cross-rail of 
mammoth dimensions for the tool slides. This 
cross-rail is raised and lowered by a 20 horse- 
power motor situated at the top of one of the 
uprights. 

The table, apart from its load, weighs nearly 
70 tons, and has a travel of 30 feet. The 
reversal of the direction of such a mass at the 
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25 FEET HIGH, 
12 FRET DEEP, 30 INCHES WIDE. 


ONE OF THE GIGANTIC UPRIGHTS. 


end of a stroke could not conveniently be 
accomplished by the ordinary method of trans- 






THE ENORMOUS PINIONS, OR 
MOVE THE TABLE 


ENGINEERING WONDERS 


OF THE WORLD. 


ferring a belt from one pulley to another. 
The belt is here replaced by multiple-disc 
pneumatic clutches on the shaft of the 100 
horse-power motor, Compressed air, controlled 
by valves operated automatically by the move- 
ments of the table, bring the clutches into 
action alternately, transferring the drive from 
one to the other at the end of a stroke. The 
last element in the driving train is a pair of 
gigantic pinions, called bull wheels, which 
engage with a rack on the underside of the 
table. The size of these pinions may be in- 
ferred from one of our illustrations. 

Electricity and pneumatic pressure operate 
all the complicated trains of mechanism for 
raising, traversing, and feeding the cutting 
tools; and in spite of the huge scale of the 
planer, adjustment is possible to a very small 
fraction of an inch, The movement of a 
handle regulates the length of the table’s stroke 
to suit the size of the object which has to be 
planed or slotted. By means of cranks which 
work in combination a tool can be given a 
composite movement, so as to cut at an angle 
to the horizontal. Another interesting feature 
is the safety mechanism, which prevents the 
table being moved while a tool is cutting 
transversely, and vice versd. 
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Notz.—The illustrations were kindly supplied by the builders of the machine, 
Messrs. Niles Bement Pond of Philadelphia. 
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FATHER NILE. 








(From a Group in the Vatican Museum.) 


THE NILE DAMS AND THE 
ASSOUAN RESERVOIR. 


BY J..S. WILSON, Assoc.M.Inst.C.E. 


ROM the dawn of history the engineer 

F has been busy on the banks of the 

Nile, and not in modern times only 

has he carried out great schemes to gain con- 
trol over its waters. 

Menes (4400 B.c.), first of the historical rulers 
of Egypt, made a new channel for the river 
eastward of his city of Memphis. Two thou- 
sand years later Amenemhat IIT. (2300 B.c.), by 
enlarging the old canal connecting the Nile 
with the great Fayoum depression, created an 
immense reservoir, Lake Moeris, with a surface 
area of 970 square miles. The regulation of 
the flow in and out of this vast lake controlled 
the Nile flood at its highest and lowest. 

Of no country in the world can it be said 
more truly than of Egypt, that from the river it 
draws its life. Its rise and fall are watched 
with intense interest by all dwellers on its 
banks. The fluctuations in its movements are 
registered day by day and recorded immediately 

(1,408) 


25 


in all the capitals of Europe. Egypt is the 
Nile, the Nile is Egypt. From its source to 
the sea the river extends 4,037 miles. The 
upper reaches of all its tributaries have not 
yet been explored fully. The most distant of 
these, the Kagera River, has its source 6,506 
feet above sea-level, and flows into Lake Vic- 
toria. From this and the other lakes on the 
Equatorial plateau water escapes through vari- 
ous channels, and unites to form the Bahr-el- 
Jebel. After passing through the great swamp 
or “ Sudd” plain—a marsh some 200 miles in 
length and 60 at its broadest, covered by a 
dense growth of weeds and papyrus—the Bahr+ 
el-Jebel is joined near Lake No by the north- 
eastward running waters of the Nile-Congo 
watershed, and presently flows northward as 
the White Nile. At Khartoum, 1,913 miles 
from the sea, takes place the confluence of the 
Blue Nile, coming down from Lake Tsana in 
Abyssinia, with the White Nile. Here the Nile 
oe VOL, IL 
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Fig. 1.—BIRD’s-EYE VIEW OF THE LOWER NILE, 
FROM THE ASSOUAN DAM DOWNWARDS. 


proper begins. With the exception of the At- 
bara (Black) River, which merges into it some 
200 miles farther north, it receives no addi- 
tional water. At Assouan the Nile tumbles 
over the granite reefs known as the First Cat- 
aract, where the great dam is built, and so 
enters Egypt. 

Between this point and the embouchures at 
Damietta and Rosetta the river attains its 
greatest breadth—approximately 1,100 yards. 
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The width of the Nile valley itself varies from 
6 miles to 31 miles. 

The Blue Nile brings down from the Abys- 
sinian mountains the largest part of that fer- 
tilizing alluvium which is the wealth of agri- 
cultural Egypt. To the Blue Nile and the 
Atbara, fed by the mountain rainfalls and 
laden with silt, is due the annual inundation 
of Egypt. The river begins its rise—at Cairo 
—in June, when the waters have a somewhat 
greenish colour. In July it swells rapidly, and 
continues rising till September. Then the 
waters, which are now of a reddish hue, will 
remain sometimes at one level for several days. 
Rising still further, about the middle of Octo- 
ber the river touches its highest level. At 
this stage its movements are somewhat irreg- 
ular. After receding a little, it may rise again ; 
but soon a steady decrease begins, and the 
waters continue to subside until in June again 
they reach their lowest level. 

To use the Nile 
waters to the 
greatest advan- 
tage throughout 
the year consti- 
tutes the art of 
irrigation. To 
enable the reader 
therefore to un- 
derstand clearly 
the various meth- 
ods employed by 
means of canals, 
barrages, reser- 
voirs, etc., to at- 
tain this object, 
it will be simplest 
to refer him at 
first to the ac- 
companying plan 
(Fig. 3), repre- 
senting an imag- 
inary tract of 
land on the left 
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Fig. 2.—SKETOH MAP OF THE 
NILE, SHOWING RESPECTIVE 
POSITIONS OF THE DAM AND 
BARRAGES. 
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Fig: 3.—DIAGRAM TO SHOW PRINCIPLE OF BASIN AND PERENNIAL IRRIGATION. 


bank of the Nile. In the background we have 
the desert hills, forming the limit of cultivable 
land, and between these and 
the river the fertile valley, 
composed of a deposit brought down by the 
river in past ages. The land nearest the 
desert lies lower than that bordering upon 
the Nile. In a phrase, “the high land is 
always on the river bank and the low land 
near the desert ;’’ and it is indeed seldom— 
eight or nine times in a century—that the 
land marked A in the plan is totally sub- 
merged. 

Two methods of irrigation are followed—. 
basin irrigation and perennial irrigation. 

Under natural conditions, with the country 
devoid of canals or embankments, as the Nile 
rose, the flood water would spread over all the 
land lying at a low level and submerge it for 
about two months. At the end of that period, 
as the flood subsided, the water would drain 
off and leave behind a rich deposit of alluvial 
mud. This land, known as Rai land, is sown 
while still moist, and without further watering 
the winter harvest is reaped therefrom—in 
Central -Egypt—about the middle of March. 
That simple process when brought under con- 
trol illustrates the principle of basin irrigation. 


Irrigation. 


An embankment, B, constructed on each 
side of the river, limits the extent of land 
naturally flooded to the part marked D, and 
prevents the flood water passing to the low- 
lying land until required. This land, L, is 
divided into a series of basins by raised em- 
bankments 12 feet high, and through them 
runs the canal, C, with its intake and main 
regulator at E, and other distributing regu- 
lators at K, V, etc. 

In mid-August, when the Nile is in flood, 
the canal C is opened, and the waters are 
allowed to enter the various basins (numbered 
1, 2, 3, 4, 5, 6, 7) until all are flooded to a 
depth of about five feet. At the end of thirty 
days, when the deposit has settled, and the 
river has subsided, the water is allowed to 
escape into the Nile by making a communi- 
cation between the lowest basin and the river 
at Z, and permitting the contents of the other 
basins to escape through the same channel by 
sluices or breaches in the dividing banks at 
P, Q, BR. 

Towards the end of November the land is 
sown, as described above, and the winter crop, 
consisting of wheat, beans, clover, etc., gets 
sufficient moisture from the mud. If the canal 
C were merely a flood or inundation canal (of 
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which there are many in Egypt), it would run 
dry as soon as the river had fallen below the 
canal bed at E, and no more 
crops could be raised on these 
Rai lands unless other means 
of irrigation were provided. If; however, the 
canal bed, C, be cut deeper than the lowest 
summer level of the river at E, another method 
of irrigation, the perennial, is possible. Let 
us assume the canal to be constructed for per- 
ennial irrigation. Since the gradient of the 
canal bed is much more gradual than that of 
the Nile Valley—1 in 20,000 as against 1 in 
12,000—if we follow the course of the canal 
from its inflow at E (where the land is higher 
than the water level of the canal) in a direc- 
tion parallel to the river, there will come a 
point, say at V, where the water level of the 
canal and the land level will be the same. 
From that point onward the farther we pro- 
ceed the lower will be the level of the land 
relatively to the water level in the canal. 
Eventually the point M will be attained, 
whereat the water level of the canal C 
will command even the land, marked A, 
lying above the flood level of the Nile. It 
follows that below the point V, at X, Y, 
M, etc., wheresoever it may be required for 
irrigation, the water will flow on to the 
land by gravitation. In summer, the basins, 
1, 2, 3, 4, 5, 6, 7—some of these, it may be 
said, have an area of 40,000 acres—which had 
been flooded and drained off in the winter, are 
divided up by distributing canals and low 
banks into diminutive basins, and are flooded 
to a depth of two or three inches according to 
the requirements of the crops. 

It should be remembered, in connection with 
the perennial system of irrigation, that, where 
gravitation is relied on solely, the area of cul- 
tivable land each year is determined by the 
general level of the Nile in summer. The 
lower the Nile at E the farther away from the 
inflow will be the point V, where the water 
level of the canal C and the land level are 


Perennial 
Irrigation. 
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the same. It should also be noted that when 
the average level of the low Nile falls below 
the normal, the volume of water in the canal 
is decreased, and the area of land capable of 
being reached is diminished. 

We have seen that in ordinary circum- 
stances the water level of the canal C is the 
same at point V as the level of the adjacent 
fields. If, however, a barrage were built 
across the river, down-stream of the intake 
E, so that during high Nile the flood water 
would be allowed to pass freely, and during 
the summer the river could be dammed back, 
the point at which the level of the canal water 
and the level of the adjacent fields were the 
same would then be brought proportionately 
nearer the intake—say, to the point K. The 
effect of this would be to increase the volume 
of water in the canal C, to enlarge greatly 
the area of irrigable land, and to reduce the 
effects of a “‘bad’”’ Nile. Such, in fact, is 
the purpose served by the Assiout Barrage. 
Comparing our illustration (Fig. 3) with this 
important work and the great canal it serves, 
W may be said to represent the Assiout Bar- 
rage, and canal C the [brahimiyeh Canal. 

In the foregoing description of perennial 
irrigation we have assumed that both means 
—flooded basins for winter crops, and gravita- 
tion irrigation (Sefi water) for summer crops— 
were used. The crops so cultivated are wheat, 
beans, barley, maize, durra, etc. But cotton 
cannot be cultivated under the same condi- 
tions, for the seed of this most important 
crop is sown in March, and the 
harvest is not ripe for picking 
until September, at the middle of what is 
known as the flood season. So the land used 
for cotton cannot be irrigated on the basin 
system. During the flood season it is watered 
in a manner similar to that employed through- 
out the summer, by a system of miniature 
waterways running off the main canal. 

Where, as often happens, the canal or river 
is not sufficiently high to allow water to pass by 
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Fig. 4.—PRIMITIVE IRRIGATION APPLIANCES. 


gravitation on to the fields during the summer, 
artificial means have to be adopted. There 
are four methods commonly employed, apart 
from the modern steam pump—namely, the 
Shadoof, Sakieh, Taboot, and Natala. The 
Shadoof (Fig. 4) has remained in common 
use for thirty centuries. A long spar is 

80 pivoted on a cross beam, 


cess suitably supported, as to allow . 
Aaalaacee it to swing up and down. 


From the top or smaller end 
of the spar depends a thin pole with a bucket 
attached, balanced by a mass of dried mud 
stuck on the thick end. The worker pulls on 
the pole, dips the bucket in the water at the 
low level, allows the mud counter-weight to 
lift it, and empties the contents into the 
higher waterway. The Sakieh consists of a 
large wooden wheel turned by cattle. It 
operates an endless rope strung with earthen- 
ware pots which raise the water—sometimes a 
distance of twenty feet—and discharge it into 
a prepared channel. The Taboot is a lighter 
kind of wooden wheel also turned by cattle 
power. In this case the rim of the wheel is 
hollow, and divided into numerous compart- 
ments which take up the water and spill it 
out again in due course. The Taboot is used 
in the lower Delta, where only a slight differ- 
-ence in level has to be overcome. The most 
primitive and least used of the water-lifting 
devices is the Natala, a shallow bucket 
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slung on four ropes and worked by two 
men. 

Cotton is the most important crop grown 
in Egypt, and the fineness of the quality of 
Egyptian cotton, it has been declared with 
little exaggeration, built the 
first barrage across the river 
Nile. For, in order to increase 
the cotton crop in Lower Egypt, where the 
natural slope of the land is much léss than it 
is in Upper Egypt, it became necessary to 
maintain the water supply at a suitable level 
in these summer canals. It was to achieve 
this that the Delta Barrage was built. 

The importance of the Delta Barrage is 
beyond question ; it is the key to the richest, 
the most fertile province in Egypt. 

The first proposal, made by Linant de Bell- 
fonds, a French engineer, was for a barrage 
across the two branches of the Nile. Mo- 
hammed Ali adopted the proposal enthusias- 
tically, and in 1833 a host of corvée or pressed 
labourers was set to work upon it. In 1835, 
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Fig. 5.—THE DELTA BARRAGE, FROM UP-STREAM. 


however, this scheme was abandoned; the 
impetuous ruler of Egypt had lost interest in 
it. Seven years later Mougel Bey proposed 
the erection of a barrage in the position of 
the present structure. His designs were com- 
pleted in 1843, and in that year work was 
begun upon the barrage now standing. 

From the first the undertaking was unfor- 
tunate. The engineers were hustled over their 
work, and the foundations, in consequence, 
proved defective when first 
put to the test. Abbas Pasha, 
who succeeded Mohammed Ali in 1849, had no 
faith in the barrage ; and Said Pasha, his suc- 
cessor in 1854, thought as little of the barrage 
as a barrage. But he entertained the com- 
forting idea that by a timely manipulation of 
the dam sluices he could so flood the whole 
of the Delta provinces as to sweep away any 
enemy advancing from that direction. Said 
Pasha also believed that, by making the bar- 
rage into a fortress, he could deal destruction 
to any fleet that might chance to sail down- 
stream on the alluvial flood. The fortifica- 
tions were begun in 1856, and, with the super- 
structure of the dam, finished in 1863. At 
this date sluice gates were fitted on the Rosetta 
branch only, and when they were used serious 
signs of weakness showed in the barrage. Water 
passed underneath, and welled up on the down- 
stream side. Further defects appeared in 1867, 
and from that date until 1884 the barrage 
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remained idle. Then, under the'direction of 
British engineers, the Damietta branch was 
provided with gates which were used with 
some effect during that and the following 
year. But the whole structure was now ex- 
hibiting signs of instability. In 1890, after 
the old floor had been strengthened with a 
thick layer of masonry and extended up- 
stream and down-stream, the dam was rend- 
ered capable of holding up a head of thirteen 
feet of water. As a result, it is claimed, the 
record of the heaviest cotton crop—3,275,000 
cwt.—before that undertaking, was raised to 
3,640,000 cwt. the year following its com- 
pletion. The foundations of both branches 
were further consolidated in and about 1898 ; 
6-inch boreholes, aggregating 7} miles in length, 
were drilled through the piers to the founda- 
tions, and filled with cement grout, and sub- 
sidiary weirs were added down-stream. With 
the work thus strengthened, a further seven 
feet of water could be held up. This com- 
pleted the building of the first barrage. 

The Rosetta and Damietta branches of the 
barrage are respectively 1,525 and 1,765 feet 
long. Each branch has sixty-one arched sluice 
openings, 16°4 feet wide, separated by piers 
6°6 feet wide, and 52 feet from back to front 
over the cutwaters. The cutwaters, ends of 
arches, copings, etc., are constructed of ashlar, 
the remainder of the superstructure of brick- 
work, and the foundations of concrete. Each 
sluice opening is provided with two wrought- 
iron sluice gates sliding in cast-iron grooves 
fixed in the piers. The upper sluices are 8 
feet 4 inches high, and the lower 3 feet to 8 
feet high, according to the varying levels of 
the floor. They are furnished with friction 
wheels, and can be raised clear of the water 
level at flood time by means of hand wind- 
lasses. In connection with both branches 
locks have been placed for the accommodation 
of boats passing up and down the river. 

It may interest the reader to describe here 
two methods used in 1843 for establishing the 
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foundations of the: Delta Barrage, which had 
to be based on the settled silt of the river. 

| During low Nile a trench 111 
feet wide and 10 feet deep was 
excavated as far as possible in 
the dry. Sheet piling was afterwards driven 
along each side of the trench, and the exca- 
vation carried down through the water to a 
uniform level of 16 feet above sea-level. On 
a bed so prepared the main floor of concrete, 
10 feet thick, was deposited, also through the 
water. In the founding of the piers a wooden 
coffer-dam was employed. This, large enough 
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to the Egyptian Government on this question, 
that the summer discharge of the Nile—which 
might fall as low as 16 million tons per day 
—would have to be supplemented as follows : 
To irrigate perennially all the cultivable land 
in Lower Egypt an additional amount of water, 
averaging 124 million tons per day for 120 
days, would be required from the beginning 
of April to the end of July ; and to irrigate, 
perennially, all the cultivable land in Middle 
Egypt, additional water, averaging 14 million 
tons per day for 150 days, would be needed 
from the beginning of March to the end of 


Eastern Desert Hills 





Fig. 6.—PLAN OF THE SITE OF THE ASSOUAN DAM. 
Showing Channels, Sudds. and Islands at low Nile. 


to enclose five piers, was planted on the con- 
crete floor and emptied. A skin of masonry 
was laid over the concrete, and on this stone- 
work the five picrs were raised above water 
level. Thon the coffer-dam was moved on, 
and the same process was repeated in the 
building of five more piers. 

The task of rendering the Delta Barrage 
effective, so that the whole of the summer 
supply could be used, having been accom- 
plished, the old problem, how to supplement 
the water supply in order to meet the agri- 
cultural necessities of both Upper and Lower 
Egypt, again forced itself on the attention of 
the irrigation engineer. 

It was estimated, in the reports presented 


July. Roundly, this meant the accumulation 
during flood time, and the storage, of 4,000 
million tons. 

Of the many schemes put forward to meet 
the situation, none was quite equal to dealing 
with so vast a body of water. 
But eventually there issued 
that of the Assouan Reser- 
voir, capable of storing 2,500 million tons of 
water, and this received the approval of the 
chief authorities concerned. 

One grave objection against this project 
existed—-it would submerge for five months in 
the year (January to June) the beautiful island 
tenple at Phila. After much serious consid- 
eration it was determined to lower the water 
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Fig. 8.—vinw OF A COMPLETED SUDD. 
The water originally enclosed between this Sudd and its fellow up-stream has been pumped out. 
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level originally proposed by 8 metres (25 feet) 
—that is, from 114 R.L.* to 106 R.L. 

Although at first the site chosen for the 
great dam was much criticised, its suitability 
was fully confirmed by later investigators and 
surveyors. It is true that the rock formation 
required the foundations to be sunk 40 feet 
deeper than was originally proposed ; but the 
general formation of the surrounding country 
and the character of the river, bounded as it 
is here by the granite hills, more than coun- 
terbalanced all difficulties. Moreover, the 
width of the Nile at the point chosen allowed 
the requisite number of sluice holes to be made 
in the dam; while the fact that at low Nile 
the river flowed through five channels, which 
could be dealt with separately, simplified the 
method of construction. 

It may be as well to restate briefly what 
was aimed at by the engineers at Assouan. 
Allowing for the reduction of the level in the 
interests of archeology, which 
meant a sacrifice of 1,500 
million tons of water, it was to form a reser- 
voir impounding 1,000 million tons of water, 
which could be released when required, and 
added in due season to the lessening flow of 
the Nile. This purpose was accomplished 
within four and a half years of the beginning 
of work upon the project, which took the 
form of a single dam of red granite, 1} miles 
long, running E. by N.E. and W. by S.W. 
across the river, pierced by 180 sluice open- 
ings capable of passing the maximum flood 
discharge of the river, or 15,000 tons of 
water per second. 

Red granite has been quarried near Assouan 
from the earliest times. The casings of the 
great Pyramids were made of it. All the 
stonework used in the construction of the dam 
and of the navigation locks came from this 
neighbourhood ; some was taken from the 
ancient quarries hard by, some from great 
boulders broken up near the dam site. 


The Dam. 


* 114 metres above sea level. 


The maximum height from foundations, 
which, of course, varies considerably, is 130 
feet ; and the level of the water impounded 
is 67 feet higher than that of the river below. 
The face work is built of coursed rock-faced 
ashlar; 130 sluices are lined with finely- 
dressed ashlar, the remaining 50 with cast- 
iron plates ; the hearting consists of rubble; 
and all is set in mortar made of Portland 
cement sent out from England. The total 
weight of the masonry is calculated at over 
one million tons; of the sluices and other 
steel work, at 6,400 tons; and of Portland 
cement, at 75,000 tons. By contrast, the 
weight of the masonry in the Great Pyramid 
of Cheops is estimated at five million tons. 
It may interest the reader to know that the 
amount of water impounded is eighteen 
times that contained in the Vrynwy Reser- 
voir for the supply of Liverpool, and ten times 
that stored in the great Croton Reservoir re- 
cently completed for the supply of New York. 

In March 1898 the contract * for the con- 
struction of the dam was signed. The first 
year was occupied mainly in preliminaries— 
building houses for the work- 
men, constructing lines of rail- 
way to the quarries and to the 
main line, opening up the quarries, and in 
doing a little permanent construction on the 
right bank abutment. H.R.H. the Duke of 
Connaught laid the foundation stone on Feb- 
ruary 12, 1899. During this year temporary 
stone dams were thrown across four of the 
summer channels, and other work of lesser 
importance was undertaken. 

These stone sudds or temporary dams were 
the key to the whole operation of building the 
foundation. Put across the 
various channels, below the site 
of the great dam, they served to stop the rush 
of water through the channels when the flood 


Work 
commenced. 


Sudds. 


* The contractors were Messrs. John Aird and Co. All 
steelwork and ironwork in the sluices and lock gates, etc., 
were supplied by Messrs. Ransomes and Rapier, Ltd. 
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Fig. 9.—SECTIONS OF ASSOUAN DAM AT A SLUICE 
AND BETWEEN SLUICES. 


had fallen below the top level of the sudds. 
The complementary sudds across each channel 
above the site of the dam—to enclose the space 
to be occupied later by the foundations— 
were then built up quickly in the still water, in 
time to make full use of the low Nile period 
for the erection of the permanent structure 
(Fig. 8). 

The material employed for these stone sudds 
was brought down by rail from the right bank 
and tipped or thrown into the river over the 
end of the sudd as it advanced. The sudds 
were closed in order, one by one, starting from 
the right bank. In each case, as the channel 
grew narrower the dammed-up water rushed 
through the passage with increasing velocity. 
In closing the sudds across the Bab-el-Sughai- 
yar, stones weighing 3 to 4 tons, dropped in 
by a crane, not only failed to lodge in the 
gap, but were carried away bodily by the 
current. As the crane could not deal with 
heavier stones, progress came to a standstill. 
But this did not baffle the resources of the con- 
tractors. The railway lines were brought up 
to the very edge of the gap, and two wagons 
were loaded with wire-net bags, each con- 
taining from two to three tons of stone, 
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firmly bound down to the wagons with steel 
ropes. The two wagons, weighing about 25 tons 
each, were then pushed over the end of the line 
into the gap. By reason of their great weight 
and size they lodged in the passage, and ren- 
dered the complete closing of the sudd possible. 
The finished sudds were about 30 feet wide at 
the top, had sides sloping down at an angle 
of about 45°, and attained a maximum height 
of about 49 fect. To strengthen them against 
the next flood season their tops were rendered 
with cement. On the down-stream slopes the 
stones were pitched or packed by hand, and 
steel rails were built in to hold the mass to- 
gether. In spite of all precautions, the sudd 
across the centre, or shallowest, of the three 
channels (the Bab-el-Haroum) was breached 
during the flood and washed away. It was, 
however, quickly rebuilt when the flood had 
subsided. 

In the third year, so soon as the river had 
fallen below the tops of these temporary dams 
or sudds, complemental sudds were constructed 
up-stream of the site of the dam, in the four 
summer channels. These were composed of 
bags filled with heavy granitic sand, brought 
on to the sudd in trucks, carried forward by 
native labourers, and thrown in at the ad- 
vancing end of the work. The up-stream sudds. 
were 16 to 26 feet wide at the top, and had a 
maximum height of 60 feet.. On the up-stream 
face the interstices between the sacks were 
filled with sand or granite chippings, and fin- 
ished to a slope of 2 to 1. 

The sand-bag sudds completed, the critical 
moment came for pumping out the water be- 

tween these temporary dams. From 
investigations made in Scotland in 
‘somewhat similar granite formations 
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Fig. 10.—METHOD OF BUILDING FOUNDATIONS OF THE ASSOUAN DAM. 
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Fig. 11.—ExXcAVATING FOUNDATIONS IN WEST CHANNEL BOTTOM. 


it was feared that the granite in the bed 
of the channels might be deeply fissured, 
and the fissures filled with light and easily 
displaced material. The operation of pump- 
ing out, therefore, was one to arouse anxiety 
in all concerned. If the not unreasonable 
apprehensions of the engineers were real- 
ized, there would be a delay of some two 
to three years or more in the completion 
of the great task. As a precaution, twenty- 
four 12-inch steam centrifugal pumps were 
sent out from England. At last, when the 
test was applied to the Bab-el-Kebir channel, 
it was found, to the relief of all, that the fis- 
sures were filled, according to the late Sir Ben- 
jamin Baker, “ with practically impermeable 
material,” and the leakage was so small that 
only two 12-inch pumps were required to keep 
it down. 


The surface of the beds of the channels 
having been cleared of loose stones and large 
boulders, good solid rock was sought whereon 
to base the foundations. | 

Owing to the defective charactcr and rotten 
condition of much of the rock, especially in 
the beds of the deeper channels, the amount 
of excavation necessary was in 
some cases five times more 
than had been expected, and 
the foundations had to be sunk 40 feet deeper 
than was originally intended. The unsound 
surface granite was removed with the pick- 
axe, and that beneath by blasting. The foun- 
dations were begun and carried on until the 
rise of the river stopped work. Also, during 
the course of 1900, two sudds across the re- 
maining or western summer channel were 
started. The fourth year saw the foundations 
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Fig. 12.—sUILDING OVER SLUICE OPENINGS DURING THE RISING OF THE NILE: 
Fig. 13.—BUILDING OPERATIONS STOPPED BY FLOOD. 
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laid in this western channel, and the whole of 
the masonry of that section carried up to 98 
R.L., and the masonry across the four eastern 
channels carried up to about 100 R.L. Five 
strenuous months in the following year (1902) 
completed the great work. The ceremony of 
placing the coping stone in position was per- 
formed by H.R.H. the Duchess of Connaught 
on December 12, 1902. 

On this occasion Abbas IT. opened five of 
the great sluice gates, and 
allowed the first of the new 
water to pass down the river. 
The key used for this cere- 
monial rite was in the form 
of the ancient Ankh, sym- 
bolical of life—in this case 
of the life-giving properties 
of the sacred river. This 
Ankh is one of the com- 
monest signs to be met with 
in ancient art; it is repre- 
sented as being carried in 
the hand by most of the 
Egyptian gods and god- 
desses. 
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Fig. 14.—BUILDING THE MASONRY ROUND SLUICES, WEST CHANNEL. 
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Further reference must be 
made here to the gigantic 
sluice gates which are one of 
the most remarkable features 
of the great scheme. The 
utility of the 
reservoir de- 
pends, perforce, upon the 
reliability of the sluices. 
Their size, taken together 
with the great head of water 
sustained, distinguishes them 
from all other sluices. Each 
sluice working at the lowest 
level had to be capable of 
being manipulated with ease 
while withstanding a total 
thrust of at least 210 tons. 
Such a thrust acting upon a 
sluice having sliding surfaces between fixed 
and moving parts would make it very diffi- 
cult to move. The friction rollers of the 
Stoney sluice, interposed between the sliding 
surfaces, reduced sliding friction to rolling 
friction, and overcame the difficulty. Two 
men at the winch fixed above each sluice 
suffice to work any of the gates. (Fig. 17 
represents a section of this sluice in plan.) 
Out of a total of 180 sluices, 130 are on the 
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Fig. 15.—THE OPENING CEREMONY, DECEMBER 12, 1902. 
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Fig. 16.—caAstT-IRON LINING FOR SLUICES. 


Stoney principle. The other 50, acting on the 
sliding surface principle, are used only under 
a small head of water. As to dimensions, 140 
sluices are 23 feet high by 6 feet 6 inches 
wide, and the remainder half that height by 
the same width. The levels of the sluice sills 
vary to suit the varying level of the river bed. 

The aggregate width of the openings, 427 
yards, is about equal to the width of the 
Thames at Westminster Bridge, and the maxi- 
mum flood discharge through these sluices is 
twice the flow over Niagara Falls. 

To meet the needs of river traffic, a series of 
four locks, each 260 feet by 32 feet, has been 
provided on the left bank of the river. These 
can be used throughout the 
year. The passages to the 
locks, and the locks themselves, were exca- 
vated for the most part out of the solid granite 
of the west abutment of the dam. There is a 
drop of about 20 feet between locks. The 
gates, worked by hydraulic power, range in 
height from 26 feet 3 inches to the abnormal 
height of 59 feet. The two largest weigh 105 
tons each. They are suspended from above, 
and moved out from their recesses and across 
the passage in much the same way as a slid- 
ing coach-house door is moved. The carriage 
from which a gate depends runs on friction 
rollers over ways carried across the lock on a 
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bascule bridge. The total length of this navi- 
gation channel is 1} miles. 

Owing to exceptionally low Niles and poor 
floods (both favourable to foundation building), 
and to the effective use made of these condi- 
tions, the contractors for the Assouan Reser- 
voir and Assiout Barrage were able to com- 
plete their work one year within contract time. 

Despite the fact that the rocks in the cata- 
ract at Assouan had withstood the scouring 
action of the flood for ages, it was found, after 
the reservoir had been in use 
for a few seasons, that the ir- 
regular bed of the river, just below the dam, 
on which the water issuing from the great 
sluices poured, could not withstand the con- 
tinued shock indefinitely. To mect the un- 
usual circumstances of the caye, and to render 
the part affected capable of withstanding per- 
manently the action of the water at the out- 
flow, protecting aprons were constructed in 
the following manner :—All loose and defec- 
tive rock was removed, and the hollows so 
formed filled in with masonry, which was then 
built up to the level of the sluice outlets. In 
places these aprons attained a maximum thick- 
ness of 37 feet, and were extended down- 
stream for a distance of 200 feet. Altogether, 
350,000 tons of masonry were used in their 
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Fig. 17.—HORIZONTAL SECTION 
SLUICE, SHOWING ROLLER 
STAUNCHING ANGLES. 
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construction, and 7,000 labourers were at 
one time engaged upon this work, which was 
completed successfully in 1906. 

Although a description of the Assiout Bar- 
rage may be said to follow naturally upon that 
of the great reservoir, it should not be for- 
gotten that both works were 
constructed practically at the 
same time. This barrage was 
designed to hold up the river level at the 
inflow of the Ibrahimiyeh Canal, thereby in- 
creasing the area of land under perennial irri- 
gation in Middle Egypt and the Fayoum, and 
consequently assisting in the utilization of the 
water stored in the Assouan Reservoir. 

A word or two first as to the canal. Broader 
than most canals—it is 180 feet wide on the 
bed and 30 feet deep in flood, and carries 900 
tons of water per second—the 
Ibrahimiyeh Canal is certainly 
the longest. in Egypt. It 
starts about a mile north of Assiout, the largest 
town of Upper Egypt, and runs parallel to the 
river for over 170 miles, to a point 714 miles 
south of Cairo. Its importance, always great, 
has been vastly increased by the new barrage. 

In selecting the site for the barrage, con- 
sideration was given rather to the river and 
the formation of its bed than to the position 
of the canal inlet. Fortunately, a site just 
below the latter proved the most suitable. Here 
the river has a straight reach, although the 
deeper channels are subject to great variations. 
These channels shifted repeatedly, the fine and 
mobile silt of the river bottom resembling 
quicksand. 

In form and principle, but in nothing else, 
the Assiout Barrage resembles the Delta Bar- 
rage. The former is built entirely of limestone, 
and the methods employed in its construction 
were far unlike those used in founding the older 
structure. Between the Assiout Barrage and 
the Assouan Dam there is this important differ- 
ence. The latter is bonded into the rocky 
foundations on which it stands, and in a sense 
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Fig. 18.—LocK AND REGULATOR OF IBRAHIMIYEH 
CANAL, ASSIOUT BARRAGE. 
(Photo, by courtesy of Sir John Aird and Co.) 


is made a part of them ; while the Assiout Bar- 
rage is laid across a river bed of shifting sand 
and silt, and depends for its stability—as in 
the case of many weirs—on its great weight 
compared with the opposing force of the 
dammed-up river, and on the special measures 
taken to prevent water passing underneath it. 

Its total length is 2,750 feet. A roadway is 
carried across the river along its top. There 
are 111 sluice openings, 16 feet 5 inches wide, 
between masonry piers 6 feet 6 inches thick ; 
and the same number of steel sluice gates, each 


composed of two leaves, which together mea- 


sure 16 feet high. These sluice gates* are 
provided with friction wheels, and are raised 
and lowered by means of movable hand winches 
travelling on rails, which run the whole length 
of the barrage. There are altogether four of 
these winches, but one only is required for 
a gate. When needed, a winch is brought 
immediately over the sluice to be raised or 
lowered. 

The barrage can hold up the water level 8 
feet to 12°56 feet higher than the river level 
down-stream. One lock, 262 feet 6 inches long 
by 52 feet 6 inches wide, serves for the passage 
of boats past the west abutment. 


* These and other iron and steel work were supplied by 
Messrs. P. and W. Maclellan and Co. 
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Fig. 19.—curriING A SUDD AT THE NORTH END OF A FOUNDATION ENCLOSURE TO ADMIT WATER, ASSIOUT BARRAGE WORKS. 


Fig. 20.—vVIEW OF THE ASSIOUT BARRAGE DURING CONSTRUCTION. 


(Photos, Sir John Aird and Company.j 
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The following 
method was gener- 
ally employed in 
getting in the foun- 
dations at Assiout. 
Temporary sudds to 
enclose portions of 
the foundation site 
were constructed of 
sand-bags, loose sand, 
and silt. So poor 
was this material 
that the thickness of 
the base of each sudd 
had to be practically 
twelve times greater 
than the height. In the course of a season no 
less than 1} million sand-bags 
were employed for these tem- 
porary dams. On the water being pumped out 
of the enclosed space, excavations were carried 
down for about 13 feet. Along each edge of 
the trench screens of cast-iron sheet piling were 
driven in a further 13 feet, and the trench 


Foundations. 





Fig. 21.—THE NILE FLOOD COMING THROUGH A 
SLUICE OPENING, ESNEH BARRAGE. 


(Photo. Sir John Aird and Company.) 


itself was filled to a 
depth of 3 feet with 
concrete. Seven feet 
of rubble were then 
superimposed, andthe 
masonry platform and 
piers built upon this 
to a level above that 
of the river in sum- 
mer, While this 
work was proceeding, 
aprons of puddle and 
pitching were laid up- 
stream and down- 
stream of the masonry 
floor. (Fig. 29.) 
Considering the composition of the sudds, it 
will be easily understood that they could not 
withstand a flood scason; and that, as the 
time available wherein they could be used dur- 
ing low Nile was short, the work depending 
upon them had to he carried out quickly. 
During May and June in 1900, on an average, 
13,000 labourers were daily employed in sudd- 





Fig. 22.—a LOCK IN THE NAVIGATION CANAL, ASSOUAN DAM. 
(1,408) ® 26 
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Fig. 23.—EXCAVATING THE NAVIGATION CANAL AT WEST END OF ASSOUAN DAM. 


making, foundation-laying, and in connection 
with the quarries. 

An important part of the preliminary work 
of the first season was to open up the Isawiya 
quarries near Sohag, 63 miles to the south of 
the dam site and 3 miles distant from the 
river, and to arrange for the transportation 
of the stone over a short railway line from the 
quarry to the rivor’s edge, and thence by boats 
to Assiout. 

The progress of work upon the dam may be 
summarized as follows. During the first sea- 
son, 26 per cent. of the total permanent work 
was completed. Sudds to enclose the lock 
and thirty western piers were formed, and 
along this length the floor was laid, and 
twenty-four of the piers and the lock walls 


built up to a height above summer water 
level. 

By the end of the second season an addi- 
tional 49 per cent. of the total permanent work 
was finished. Every part of the foundation 
area had been enclosed in its 
turn by sudds. First, sudds Difficulties 

Overcome. 

were thrown out from the west 

bank so as to enclose a space long enough for 
thirty more piers, and two sudds were built 
out from the east bank to shut in an area on 
that side for sixteen piers. Within these en- 
closures the sheet piling, masonry floor, and 
pitching, etc., were completed, and the piers 
built up to above the average summer level of 
the river. An attempt was then made to com- 
plete the floor between these two side portions 
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before the end of that season. Sudds were 
therefore constructed to enclose the central 
portion, together with the ends of the masonry 
floors just built. Before completing these cen- 
tral sudds, provision for the passage of the 
river was made by cutting the sudds on either 
side, and allowing the water to flow between 
the newly-built piers. As the bed of the river 
within the sudds was nearly always alive with 
springs, great pumping power was required to 
keep down the water. At one time during the 
second season twenty-eight centrifugal steam 
pumps, capable of removing 73 million gallons 
of water per day, were at work; and these, 
with their boilers, distributed over the work- 
ings, gave to that distant part of the Nile valley 
the appearance of a smoky industrial Euro- 
pean town. Towards the end of the season, 


when the closing length of the floor was near 
completion, work was terminated suddenly by 
the rising Nile, which broke through the sudd 
early one morning before the day’s labour had 
begun. 

The third season opened with attempts to 
enclose the uncompleted portion of the floor- 
ing. It was not, however, until sudds, 
extending all the way from the east bank, 
and enclosing this gap, had been formed, that 
success came, and the task of joining up 
the two ends could be taken in hand. This 
operation proved very troublesome, owing to 
the number of springs concentrated in the bed 
of the river at that part. The junction was 
eventually made by building in steel rails with 
the concrete and masonry. Spaces formed by 
springs washing out the sand from beneath 





Fig: 24:—WATER PASSING THROUGH SLUICES OF ASSOUAN DAM. 


‘Fig. 25.—DRIVING IRON PILING AT THE ESNEH BARRAGE WORKS. 


were filled with grout forced in through holes 
drilled through the floor. No further difficul- 
ties occurred, and by the close of the season 
all the piers had been carried up to their full 
height, and the greater part of the roadway 
and parapet had been built. 

The sluices were put in place and the whole 
structure completed in the fourth season. It 
was first actually used in the same year (1902). 
Like the Assouan Dam, the barrage had been 
built in less than four and a half years. 

Midway between Cairo and the Mediterranean 


Sea, the Zifta Barrage crosses the Damietta 


branch of the Nile. This barrage, completed 
~ early in 1903, is in style, prin- 
ciple, and all else but size, the 
counterpart of the Assiout Barrage. It is 
built of brick and stone,* has fifty sluice open- 
ings—less than half the number in the Assiout 
* The work was carried out by the Egyptian Government. 


Zifta Barrage. 
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(Photo, Sir John Aird and Co.) 


Barrage—and is devised to make use of the 
first of the flood waters passed by the Delta 
Barrage, and to hold up the river level 4 metres 
(13 feet). It feeds the Ryah Abbas, or new 
canal constructed during the reign of the pres- 
ent Khedive. 

The Esneh Barrage was opened as recently as 
the 9th of February 1909 by the Khedive, and 
on this occasion, in pursuance of a pleasant 
fancy, ho used a key shaped 


like the ancient Dad, symbo- Pence 

_e - = Barrage. 
lizing firmness, stability, 

preservation.” It lies 110 miles to the north 


of the Assouan Dam, between it and the 
Assiout Barrage, and it is capable of holding 
up the river level 10 feet. In construction 
it reproduces the type employed in the 
Assiout and Zifta Barrages, and in addition, 
Mr. A. L. Webb, Under-Secretary of State 
for Irrigation in Egypt, who is responsible for 
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ita design, has embodied in it all the latest 
improvements in such a structure. | 

Though the conversion to perennial irriga- 
tion of all cultivable land is the ultimate aim 
of the irrigation engineer in Egypt, the works 
so far described have been designed chiefly to 
facilitate irrigation during the summer or low 
Nile season. Now, whereas the Delta, Assiout, 
and Zifta Barrages are intended to regulate the 
river level at lowest Nile, and also sometimes 
at high Nile, the Esneh Barrage is designed 
primarily to control the river level when the 
river Nile is in flood. For such is the confor- 
mation of the country below the Esneh Bar- 
rage that during low Nile immense tracts of 
land remain unwatered ; and were it not for 
the influence of the new barrage, they would 
be liable to remain out of cultivation even 
during certain fload seasons. The structure * 
was begun in 1906, and completed this year— 
eighteen months within contract time. It was 
founded in the usual way by the aid of sudds, 
etc., under conditions more favourable than 
those which ruled at Assiout. The river bed 
here is composed of fine and compacted 
sand, and there were few springs to stanch. 
Sandstone from the ancient quarries of Gebel 
Silsileh is used in the superstructure, which 
is 2,868 feet long, and carries a roadway 20 
feet wide across the Nile. At the west abut- 
ment is a navigation lock of the same size as 
that at Assiout. Altogether there are 120 
sluice openings along its length. 

The action of the sluice gates to these open- 
ings calls for a few words of explanation. The 
gates are in two leaves, and measure together 
—one above the other—19 feet 9 inches in 
height. Inasmuch as the gates 
are for use during the flood 
season, they require to be capable of easy ad- 
justment. The upper leaf has to be moved 
more often than the lower leaf, so it is pro- 


Sluice Gates. 


* Messrs. John Aird and Co, were the contractors, and 
Messrs. Ransomes and Rapier supplied all the iron and 
steel work. 


vided along each of its vertical edges with a 
roller path round which—back and front—cir- - 
culates a continuous chain of friction. rollers ; 
moving up and down against the sides of tha’ 
cast-iron grooves in the piers. ‘Regulation of, 
the river height is effected by lowering both 
leaves on to the masonry floor of the barrage, 
thus damming the water in the lower part of 
the sluice passage, but allowing it to flow over 
the upper edges of the leaves, as in the case of a 
weir. In order to raise the river- height fur- 
ther, one of the leaves is drawn up. The top 
edge of this then becomes the crest of the weir, 
and as it is raised the water level up-stream is 
raised also. The sluices thus form a series of 
movable weirs between the piers. 

The Assouan Reservoir was finished in 1902. 
Before the end of 1903 all the water made 
available by it for irrigation had been assigned 
to special districts, and the 
Government of Egypt had been 
constrained to refuse further 
application for more water. 
Up to 1907 it had provided water for the con- 
version of 335,000 acres of land from basin 
to perennial irrigation. In the Government 
report, published in that year, Sir William 
Garstin, then Adviser to the Ministry of Public 
Works, declared emphatically in favour of 
raising the Assouan Dam. “TI trust,” he 
wrote, ““I have made it clear that no alter- 
native is left to the Egyptian Government but 
that for raising the Assouan Dam to a height 
consistent with security, and at the same time 
sufficient to ensure a large increase in the 
storage capacity of the reservoir up-stream of 
this work.” 

This decision raised again the whole question 


Scheme for 
raising the 
Assouan Dam. 


‘of the submersion of Philz. This famous little 


island—it is only 500 yards in length by 160 
yards in breadth—was inhab- 
ited and built upon, there can 
be little doubt, at a remote 
period ; but the fabrics that now adorn it be- 
long to a late epoch of Egyptian history. The 


The Island 
of Phile. 
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Fig. 26.—THE TEMPLE ON PHILE ISLAND, WHICH WILL BE ALMOST COMPLETELY SUBMERGED WHEN 
THE ASSOUAN DAM HAS BEEN RAISED. 


oldest temple buildings standing on the island 
date from the reign of Nectanebo II., last native 
king of Egypt (350 3s.c.). The chief monu- 
ments are the temples of Isis and Hathor, 
Hadrian’s Gateway, and the beautiful kiosk 
of the time of the Roman Empire, known as 
Pharaoh’s Bed. Phila is referred to in one of 
the Thousand Nights and a Night, and by the 
natives is called Geziret Anas el-Wogud, after 
the hero of that particular night. 

‘“*T have already alluded,” said Sir William 


Garstin, “‘ to the regret that is felt by all those 


upon whom the unfortunate necessity has been 
imposed of recommending a 
course calculated to do injury 
to these picturesque and inter- 
esting relics of an earlier Egypt. By none is 
this regret more keenly felt than by me. I 
have repeatedly stated, in my previous reports 
upon the subject, that unless it was proved 
that no other alternative was possible, I would 
never recommend the raising of the Assouan 
Dam, and the consequent further submersion 


Submersion 
Unavoidable. 


of the Nubian valley. I should certainly not 
do so now, were I not convinced that it is the 
only course possible, and that the decision 
now taken by the Government is one that can- 
not be seriously challenged.” Lord Cromer, 
in associating himself with these words of the 
Adviser to the Ministry of Public Works, and 
in giving his support to the new scheme, wrote : 
‘‘T have no hesitation in saying that it would 
not be justifiable to sacrifice the present and 
future interests of the people of Egypt in order 
to save the submersion of the temples.” 

Preparatory to the raising of the river level 
above Assouan, £20,000 was spent in under- 
pinning and consolidating the foundations gen- 
erally of the buildings on the island. 

The Nile would always seem to have de- 
manded its sacrifice. In early days propiti- 
atory offerings of gold were cast into its turbid 
waters. And an Arabian legend runs that 
yearly in ancient times a virgin, gaily decked 
as the “ bride of the Nile,” was flung into the 
river to ensure an abundant flood. Soon, for 
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the common benefit of the country, Phils, the 
pearl of Egypt, will be drowned each year. 
But she will not be lost altogether ; for, with 
the coming of July, the waters will fall from 
her like a robe, and from that month to Octo- 
ber Phils will again bare her beauty to the 
sun. 

The problem of raising and at the same 
time strengthening the existing dam to enable 
it to hold up water to a depth one-third greater 
than before, was one of the most difficult ever 
solved by the late Sir Benjamin Baker—almost 
the last on which his genius was engaged. 

The report of the Irrigation Department for 
1907 informs us that the level of the water in 
the reservoir is to be raised 7 metres, whereas 
the dam itself is only being raised 5 metres. 
At present the top of the dam stands 3 metres 
above the maximum water level; when raised 
it will stand only one metre above that water 
level. The manner in which the raising and 
strengthening is being carried out is shown in 
Fig 29. To overcome the difficulty caused by 
variations of expansion and contraction be- 
tween the new portion and the existing ma- 
sonry of the dam, Sir Benjamin Baker devised 
a scheme by which the new wall is to have a 
space of 6 inches width left between it and 
the present structure, and is to be supported 
by steel rods sunk into both buildings. These 
rods, while transmitting the weight of the new 
wall, will allow for the difference in expansion 
and contraction. When it is considered that 
the two parts have reached the same temper- 
ature, this space will be grouted with cement 
mortar. Of course it was arranged that the 
present usefulness of the dam should not be 
interfered with while constructing the new 

work. 

Operations for the raising of the dam were 
begun in May 1907, and are now actively pro- 
ceeding, under the supervision of Mr. M. 

MacDonald, Director-General 
of Reservoirs. It is not ex- 
pected that the dam in its finished state will 
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Fig. 27.—ASSIOUT BARRAGE, DOWN-STREAM FACE. 


be ready for use until 1912. With its com- 
pletion will end one of the most important 
epochs in the history of Egyptian irrigation. 

The new century has already seen the crown- 
ing of five great schemes—the improvement of 
the Delta Barrage (1901); the formation of the 
Assouan Reservoir (1902); and the construc- 
tion of the barrages at Assiout (1902), Zifta 
(1903), and Esneh (1909). Their cost has been 
great: on the structures named no less than 
£6,000,000 has already been spent, without 
taking into calculation works subsidiary to 
them. Who benefits, and how? Of course, 
to answer this question completely is diffi- 
cult, but we may at least take some facts 
and figures. In Upper Egypt the Esneh Bar- 
rage has given permanently to cultivation a 
large area of land which formerly was liable 
to be left unirrigated. In Lower Egypt the 
improvements in the old barrage, coupled with 
the Zifta Barrage, have fed a new canal, and 
greatly increased the security of the precious 
cotton crop.* 

These simple statements will convey only a 
vague impression to the general reader may- 
be, but it is not easy to translate into figures 
the great services rendered to dwellers in the 
Nile Valley by those engineering accomplish- 


“ T- 4-- ----- (1897-1907) the average value of the 
cotton crop was £17,000,000. 
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ments. One set of figures, nevertheless, may 
be cited, in connection with the great dam, 
which should help to indicate the vastness of 
the changes being wrought. 
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Fig. 28.—SECTION OF ASSIOUT BARRAGE. 


In Middle Egypt the Assouan Reservoir and 
Assiout Barrage have enabled, it is estimated, 
420,600 acres to be converted from basin to 
perennial irrigation, and so have increased 
their value by £29,000,000. | 

The enhancement of the value of agricul- 
tural land may be pronounced the chief aim 
and end of all projects, all labours, all 
achievements described in this article. Egypt 
was, and Egypt remains, an agricultural 
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power. Indeed, in recording improvements 
to the country it appears natural to express 
them in terms of husbandry or soil values. 
Of old the victories of the hydraulic engi- 
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neer were won in the cause of agriculture. 
“The attention and care bestowed upon the 
Nile,” said Strabo, “are so great as to cause 
industry to triumph over nature.” ‘‘ Egypt 
was @ granary,” wrote Sir Gardner Wilkinson, 
‘“where from the earliest times all people 
felt sure of finding a plenteous store.” 

To irrigate more land—that would appear 
to be the line of advancement chosen for Egypt 
by her rulers. It is a peaceful course, and in 
helping her along it, in aiding her to fulfil 
her ancient destiny, it is gratifying to know 
that British engineers have played no mean 
part—and have added to their laurels by 
the way. 


Note.—Most of the illustrations accompanying this article 
were kindly supplied by Messrs. Baker and Hurizig. 
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F ig. 1.—-TRINIDAD FLOATING DOCK BEING TOWED ‘FROM HULL TO THE WEST INDIES BY DUTCH TUGS. 
(Photo, 8. Cribb.) 


FLOATING DOCKS, 


BY ALBERT G. HOOD, 
Editor of “The Shipbuilder.” 


HE necessity for providing means of 
dry-docking a ship, in order to ex- 
amine or effect repairs to the under- 
water portions, became apparent very 

early in the history of the world’s shipping. 
It is known that, long before the Christian 
era, the Phoenicians used to float their dam- 
aged galleys into a natural 
creek or inlet, and, by damming 
up the entrance and bailing out 
the water, form a crude kind of dry dock in 
which to carry out the necessary repairs. 
This was in all probability the origin of the 
modern excavated stone-lined graving-dock, 
which has been described in a previous article. 
The earliest floating docks belong to a much 
later period. It is said that in the latter part 
of the sixteenth century an English vessel sus- 
tained such damage in the Baltic that it became 
necessary to take her out of the water. No 
graving dock or slipway being available, and 


Origin of the 
Floating Dock. 


it being impossible to beach the ship and effect 
repairs when the tide was down, on account 
of the absence of tides in the Baltic, the cap- 
tain employed an old hulk. 
Removing the beams, the deck, 
and. the stern of the hulk, and 
admitting the water, he floated his vessel 
inside, closed up the end of the hulk by a kind 
of gate, bailed out the water, and thus con- 
structed what may be termed the first float- 
ing dock. 

It was not, however, until the use of iron 
as a shipbuilding material became general 
that floating docks of types approaching the 
present form came into vogue. Between the 
years 1860 and 1870 several iron floating docks 
were built, and some of these stil] exist, and 
are capable of docking ships. During the last 
twelve or fifteen years the size of steel float- 
ing docks has increased greatly. The largest 
floating dock in use in 1896, for example, was 


The First 
Floating Dock. 
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Fig. 2.—BARCELONA DEPOSITING DOCK, WITH SHIP LIFTED, READY FOR TRANSFERENCE TO THE GRID, 
WHICH IS SHOWN ON THE LEFT OF THE PICTURE. 


To the right, and attached to the wall of the dock, may be seen the floating outriggers which gave stability to the dock. 


capable of raising vessels of 8,000 tons only, 
whereas at the present time there are in exist- 
ence docks of this type with a lifting power of 
36,000 tons. Floating docks are also rapidly 
becoming more numerous, one firm alone— 
Messrs. Swan, Hunter, and Wigham Richard- 
son—having built no less than five in 1908. 
This famous company, it may be remarked, 
have to their credit the construction of a 
greater number of modern floating docks than 
all the other builders in the world combined. 
Several of the docks illustrated in this article 
were turned out from their yard at Wallsend- 
on-Tyne. 

Foremost among the considerations which 
have led to the rapid increase in the number 
of floating docks is that of reduced initial cost 

as compared with the exca- 


gd ee oy vated graving dock. The price 
Pana led of @ floating dock can be fixed 


with certainty. In construct- 
ing a dock excavated out of the land, however, 
an ample margin must be allowed for possible 
accidents to the site by ground springs or 


wash-outs. Naturally, much depends on the 
particular requirements to be fulfilled, the 
condition of the site, the depth of water avail- 


‘able, etc.; But it may be taken that, except 


where the conditions are entirely against the 
floating dock, this type is much less costly to 
construct than the excavated dock. 

Another important reason why floating 
docks are likely to become still more numerous 
in the future is the rapidity and certainty 
with which they can be constructed. As an 
example of this, we may instance the floating 
dock of 11,000 tons lifting power built at Walls- 
end some years ago for use at Stettin. This 
dock was launched seven and a half months 
after the signing of the contract for its con- 
struction, and eighteen days later the structure 
had been towed to Stettin and had success- 
fully lifted the liner Spree (Fig. 11). Three or 
four years are not infrequently occupied in 
the construction of an excavated graving dook, 
and in one case known to the writer, so great 
were the difficulties encountered, seven years 
elapsed before the dock was ready for work. 


FLOATING DOCKS. 


Most floating docks, as will be gathered 
from our illustrations, are in general appear- 
ance not unlike a huge box 
without ends or top. A brief 
explanation as to the method 
of working will enable our 
readers the better to understand these interest- 
ing structures. The bottom consists of a tank 


Method of 
working a 
Floating Dock. 
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and these are used as necessary for supporting 
the vessel. To undock a ship after the bottom 
has been “ sighted ” or the repairs completed, 
the dock is again sunk by refilling the pontoons 
with water, and the ship is hauled out from 
between the walls. 

The simplest form of floating dock is that 
which is technically known as the “ box” 





Fig. 3.—THE GENOA OUTRIGGER DOCK. 
his type resembles the depositing in being movable, but is not designed to deposit vessels. 


or pontoon, or several pontoons securely 
fastened together ; and it is by filling these 
pontoons with water that the dock is sunk 
sufficiently to enable the ship which requires 
docking to be floated over the pontoons. The 
vessel is then hauled in between tho walls of 
the dock by capstans fitted on the tops of 
the walls. By means of powerful pumping 
machinery (either steam or electrically driven), 
which is usually located in the dock walls, the 
water is removed from the pontoons; and as 
they are emptied the dock rises gradually 
until the ship is lifted clear of the water. 
While on the dock the ship rests on keel blocks. 
Mechanical side shores and bilge blocks are 
also provided in most modern floating docks, 


type. The two sides and bottom of a box 
dock are one solid structure, with no joints 
whatever, and consequently 


_  aypes of 
have great strength. Numer Floating 
ous examples of this type, of Docks. 


moderate size and lifting capa- 

city, have for many years performed excellent 
service. It has, however, one drawback: un- 
less the dock can itself be placed in another 
dry dock, it is impossible to clean or effect 
repairs to the under-water portions. This 
objection has not proved in practice such a 
serious one as might be supposed. The accum- 
ulation of marine growths, so detrimental to 
a, ship on account of reducing her speed through 
the water, tends rather to preserve the iron or 
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steel composing the submerged portion of a 
dock. It is found that the internal parts and 
those portions of the structure between wind 
and water—that is, above the water when the 
dock is floating light and submerged when a 
ship is lifted—are the most liable to corrosion. 
As these parts are easy of access, due precau- 
tions can be taken to preserve them. A float- 
ing dock so constructed that all parts of the 
bottom can be reached possesses, however, 
an important advantage over the box dock, 
particularly when it is destined for service 
in foreign waters. The first Bermuda dock, 
built for the British Government in 1869, was 
in section almost like the letter U, the aim 
of the designers being that, by filling with 
water certain chambers in the side walls, the 
dock could be careened and the under-water 
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portions reached. Unfortunately, this opera- 
tion proved so dangerous when attempted that 
it was never repeated. Most of the large 
modern floating docks have been built in 
separate sections, so that one part can be 
lifted out of the water for cleaning, etc., and 
supported on the other portion; hence the 
““ self-docking ’” floating dock. During the 
last thirty years several types of self-docking 
docks have been designed and built, and of 
these we propose to deal very briefly with 
the “ depositing,” “ off-shore,” “ sectional pon- 
toon,” “‘ Havana,” ‘“ Hansson,” and “ bolted 
sectional ” types. 

The earliest example of the depositing 
dock was designed and built in 1877 for 
the Russian Government. This type has 
only one side wall (Figs. 2 and 3), so that its 
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end elevation resembles the letter L. The 
necessary stability to.enable the pontoon 
to be lowered and raised is 
obtained by means of an out- 
rigger connected to the wall by 
parallel booms hinged at each end. The dock 
is built in two equal lengths, so that they 


Depositing 
Docks. 


' can be disconnected, and the one raised on 


the other for cleaning and painting. The 
most striking feature of this type of dock, 
however, is the peculiar construction of the 
pontoons forming the bottom, by means of 
which the dock, after lifting a ship, is able to 
transport and deposit her on a grid formed of 
groups of piles, (Fig. 4). Consequently, the 
number of vessels that can be raised out of 
the water at one time is only limited by the 
number of grids provided. The largest and 


Fig. 4.—DIAGRAM TO SHOW PRINCIPLE 
tf] 
OF THE DEPOSITING DOOK. 


Tho dock pontoons, carrying a ship, are 
brought into position between the members 
of the grid, supported on piles. The dock 
is then submerged and drawn away, leaving 
| the ship on the grid. 


most recent dock to be constructed on this 
principle is that stationed at Barcelona, with 
a lifting capacity of 6,000 tons. 

The off-shore dock, like the depositing type, 
has only one side wall, and is thus L-shaped, 
but it is not arranged for depositing ships after 
lifting (Fig. 5). The single 
wall is attached to a series of 
shore girders by means of 
parallel booms hinged at each extremity. 
Docks built on this principle are found very 
convenient in working, the ship entering the 
dock at either end, or, as is more frequently 
the case, being warped on broadside. 

The sectional pontoon dock is made up of 
a number of separate pontoons held together 
by two side walls, which are continuous and’ 
bolted on top of the pontoons. This type of 


Off-shore 
Docks. 


FLOATING DOCKS. 


dock, owing to its form, can be readily con- 
structed in places where it would be prac- 


SYSTEM OF SHORE ATTACHMENT. 











END ELEVATION OF AN OFF-SHORE DOCK. 


An interesting detail at A is shown in the small 
sketch on the right. An upper boom is attached 
at its landward end, not rigidly to the upright 
shore girder, but to a weighted crank, which 
allows the dock to take a small inclination in 
either direction. By watching the movements of 
the weights, the man in charge 
is enabled to correct the trim of 
the dock, and avoid undue strains 
on any part of the structure. 


(By courtesy of Messrs. Clark == 
and Standfield.) 


tically impossible to complete a dock of any 


other description. The pon- 
Sectional toons are easily erected and 
Pontoon 1 aad a tel fte 
Docks. aunche separately, after 
which the walls can be erected 

in place on the pontoons. (See Fig. 7a.) 


In order to obtain greater longitudinal 
strength than in the sectional pontoon type 
of dock, the Havana design was evolved, the 
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Fig. 7.—DIAGRAMS OF TWO-WALLED DOCKS. 
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first example built being the large dock for 
the Spanish Government, and intended for 
use at Havana. 
In this type 
the side walls 
are increased in 
depth by extending them to 
the bottom of the pontoons, 
the latter being bolted to the 


The Havana 
Type of 
Dock. 


Fig. 6.—ELEVATION OF AN OUT- 
RIGGER DOCK. 


sides instead of to the under edge of the 
walls. The pontoons are usually three in 
number, one in the centre and one at each end 
of the dock’s length. (See Fig. 7b.) Another 
example of the Havana type is the Bermuda 
dock. 

The last-named dock, built by Messrs. Swan, 
Hunter, and Wigham Richardson to the order 
of the British Government to meet the grow- 
ing demand for docking accom- 
modation at Bermuda, may be 
described some- 
what in detail, 
as it ranks 
among the finest floating docks 
at present in existence. The 
Admiralty stipulated that the 
structure should be capable of 
lifting battleships of 16,500 tons 
displacement, first-class cruisers 


PONTOON 
DOCKED 


The Bermuda 
Dock. 


(a) Sectional pontoon dock. (b) Havana type, Mr. Lyonel E. 
Clark’s patent. Pontoons can be raised up side walls for self-locking. 
(c) Bolted sectional type. (¢@) Bolted sectional dock, self- docking 
the central section. 
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(Photo, Messrs. Swan, Hunter, and Wigham Richardson. 
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Fig: 8.—BERMUDA DOCK (HAVANA TYPE), DOCKING THE CENTRAL PONTOONS. 
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Fig. 9.—THE FLENSBURG OFF-SHORE DOCK. 


DOCKS. 





One half of the dock raised on the other half for cleaning. The detached upper booms of the dock ‘portion are 
seen in the foreground. 


of the Powerful and Terrible class, and sub- 
sidized liners of great length like the Cam- 
‘pania and Lucania. Designed by Messrs. 


Clark and Standfield, the great specialists, 


the dock has a total length of 545 feet, a 
width of 126 feet, a height of 554 feet, and a 
clear docking width between the walls of 99 
feet (Fig. 8). The steam-pumping machinery 
installed in the dock is capable of discharging 
34,000 tons of water in four hours. Two sets 
of electric generating plant are fitted, one in 
each side wall. These supply current for 
working the travelling cranes and the lighting 
arrangement respectively. Twoelectric cranes, 
each of 5 tons capacity, are fitted on the dock ; 
and six powerful steam-warping capstans are 
also provided for hauling vessels in and out 


of the dock. As in the case of all contracts 
carried out for the British Government, most 
exhaustive trials were made to demonstrate 
and ensure the efficiency of the dock. The self- 
docking trial consisted of raising the centre 
pontoon and one of the side walls. The vessel 
selected for the docking test was H.M.S. 
Sans Pareil, displacing over 11,000 tons ; and 
although the bearing length of the vessel’s 
keel was only a little over 300 feet of the 
dock’s total length of 545 feet, the pontoons 
were pumped practically dry without any. 
appreciable deflection, thereby demonstrating 
the great structural strength of the dock. 

In the case of a dock intended to accommo- 
date warships, it is essential that it should 
be able to deal with a damaged vessel, say 
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ig. 10.—TRINIDAD BOLTED SECTIONAL DOCK, WITH 58.S. “‘ NEMBE” LIFTED. 


one with a big list and perhaps partly water- 
logged. One of the heaviest tasks set to the 
Bermuda dock after its arrival there was the 
docking, for temporary repairs, of H.MS. 
Dominion after stranding in the St. Lawrence. 
The vessel in her water-logged condition dis- 
placed at the time of docking nearly 17,000 
tons; and although this weight was some- 
what in excess of that which the dock was 
designed to lift under normal conditions, the 
Dominion was docked without difficulty. 

A still more rigid structure than the Havana 
type of dock was obtained in the dock designed 
by Mr. H. Hansson, and built by the Maryland 

Steel Company for the United 


rela hare States Government. After 
Philippines completion, this dock, which 


was named the “ Dewey,” was 
towed to one of the Philippine Islands. The 
specifications issued by the United States 
Navy Department limited the amount of 


deflection allowable to 1 in 2,000 inches. To 
meet this very exacting requirement the middle 
portion of the dock for about four-sixths of 
the total length was made a solid trough, 
which can, when necessary, be lifted for clean- 
ing and painting on the end pontoons, each 
representing about one-sixth of the dock’s 
length. 

The consensus of expert opinion, however, 
appears to be now in favour of the “ bolted 
sectional ”” type of dock, as affording the maxi- 


mum longitudinal strength 

combined with the essential — The a 
® « ° y € 

features for self-docking. This “ ¢¢ Dock. 


type (see Fig. 7c) is built in 

three sections of approximately equal lengths, 
the two end sections being symmetrical. The 
ends of the walls, as will be seen in our diagram, 
are stepped down, the lower step forming a 
docking land when lifting the other sections. 
The method of self-docking adopted with this 


FLOATING DOCKS. 


type will be readily understood on refer- 
ring to the lowest diagram in Fig. 7. The 
Callao dock and the 36,000-ton Hamburg 
dock are examples of the bolted sectional 
design. 

The mobility of the floating dock has proved 
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Fig. 11.—sTEeTTIn vock, oF 11,000 TONS LIFTING CAPACITY. 
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their destination ; but the more usual method 
now adopted is to tow the completed dock 
oversea. Reference has already been made 
to the floating dock transported in this way 
from the east coast of the United States to 
one of the Philippines (a distance of 14,000 


we a SME eel AeA Ty . 
. 
’ 


| 


BUILT AND DELIVERED WITHIN 7} 


MONTHS TO THE STETTIN VULCAN COMPANY BY MESSRS. SWAN, HUNTER, AND WIGHAM RICHARDSON, 


OF NEWCASTLE-ON-TYNE. 


In this dock the liner Spree was docked, cut in half, and lengthened. 


of great value in more than one instance where, 
owing to changing conditions of trade, the 
dock has had to be removed 

Remarkable from one port to another. 


oe = Floating docks have been con- 
Docks. structed in England for use 


on the river Volga and in 
Japan, shipped in pieces, and re-erected at 


miles), probably the most remarkable towing 
feat ever accomplished. Other docks have 
been towed from this country to Havana 
(Cuba), Durban (Natal), Port of Spain (Trini- 
dad), Lagos (West Africa), Para (Brazil), 
Bermuda, etc., while the large dock for Callao 
(Peru) has but recently reached that distant 
port on the west coast of South America, 


Notz.—Thanks are due to Messrs. Clark and Standfield, the Floating Dock Spectalists, 
and to Messrs. Swan, Hunter, and Wigham Richardson, the eminent Ship 
and Floating Dock Builders, for their help in illustrating this article. 
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A REMARKABLE BRIDGE OF REINFORCED CONCRETE OVER THE RIVER SAMKRE AT NAMUR. 


(Photo, Messrs. L. G. Mouchel and Partners.) 


REINFORCED CONCRETE 
CONSTRUCTION. 


BY W. NOBLE TWELVETREES, M.Inst.Mech.E. 


This Article explains, in a simple and lucid manner, the principles of 


Reinforced Concrete, 


also called Ferro-Concrete. 


The advantages of using 


concrete and steel in scientifically regulated combination have been proved in 
many branches of architecture and engineering, and we may anticipate a huge 
development of this peculiarly versatile and wonderful form of construction. 


and in many engineering works, the 


|" ordinary buildings of stone and brick, 
methods employed to-day are not essen- 


tially different from those practised thousands . 


of years ago. Blocks of stone or bricks are 
piled one above another and _insecurely 
cemented by mortar, with the result that the 
stability of structures so erected depends 
mainly upon the weight and compressive 
strength of the materials used. 

It is quite true that by building walls, piers, 


towers, and other fabrics of sufficient thick- 
ness, they can be made to stand against any 
required vertical or horizontal 
pressure; but the waste of 
material and labour is very great. Moreover, 
this way of going to work often involves the 
uneconomical appropriation of valuable land, 
and the troubles due to the unequal compres- 
sion of yielding soil under the unnecessarily 
heavy deadweight of solid masonry. 

As an alternative to massive stone and 


Development. 


‘REINFORCED CONCRETE CONSTRUCTION. 


brick construction, engineers began long ago 
to introduce cast-iron columns into structures 
of various kinds, the object being to obtain 
strength and stiffness with a minimum ex- 
penditure of material. Cast-iron beams were 
also applied instead of. stone or brick arches 





Fig. 1.—CONGLOMERATE, OR PUDDINGSTONE, A 
NATURAL FORM OF CONCRETE. 


to carry walls and floors in buildings, and to 
support road platforms in bridges. 

Cast iron, however, was not altogether satis- 
factory because of its brittle nature, and of 
the fact that its resistance to tension is little 
more than one-sixth of its re- 
sistance to compression. After 
a time wrought iron was pro- 
duced in the form of rolled beams and other 
convenient sections, which enabled engineers 
and architects to make further advances in 
scientific construction ; and finally came mild 
steel—a still more useful variety of iron, costing 
no more than ordinary wrought iron, though 
possessing one and a half times the strength 
of that material. 

Nevertheless, we are to-day in the early 
stages of yet another revolution, due to a 


Cast-Iron and 
Steel Beams. 
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combination embodying concrete and steel, 
so applied that the distinctive properties of 
each are utilized to the fullest extent. | 

Concrete is by no means new as a structural 
material. Briefly defined, it is a variety of 
artificial stone formed of pebbles or stone 





Fig. 2.—CONCRETE MADE WITH PEBBLES, SAND, 
AND PORTLAND CEMENT. 


chips cemented together by hydraulic or 
other mortar. Therefore it resembles very 
closely those types of natural 
rock described by geologists as 
“conglomerate.” | (Compare 
Figs. 1 and 2.) But as*produced in the present 
day, with Portland cement mortar as the 
cementitious substance, and small, carefully- 
graded pebbles or fragments of hard rock, 
high-class concrete is stronger and more dur- 
able than similar conglomerates turned out 
from the laboratory of Nature. 

The skilled maker of concrete for combina- 
tion with steel employs pebbles or stone chips 
in assorted sizes from 3-inch to }-inch across 
(see Fig. 3). He gauges the volume of voids 
or air spaces between the particles of stone, 
and adds sufficient mortar to fill up all such 


What Con- 
crete is. 
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Fig. 3.—GRADED PEBBLES AS USED IN CONCRETE, 
SHOWING VOIDS. 


spaces and, in addition, to coat the outer sur- 
face of the particles. In this way a solid and 
securely cemented mass is ensured. For the 
mortar he selects coarse, gritty sand, whose 
particles vary in size from }-inch downwards 
(see Fig. 4); and after measuring the propor- 
tion of voids between the grains, he adds 
sufficient Portland cement to fill up the spaces 
and to coat every particle of sand outside. 
Thus the mortar as well as the concrete is 
solid and properly cemented together. 
Portland cement is produced: by mixing to- 
gether intimately chalk and clay, burning them 


at high temperature, and 

Raley grinding the resulting clinker 
‘to an almost impalpable 

powder. The cement so made sets rapidly 


when mixed with water, and becomes as hard 
as stone. 

When the three constituents of concrete 
have been mixed with a suitable quantity of 
water, and the process of setting has con- 
tinued for three or four weeks; the concrete 
is characterized by considerable tenacity and 
enormous resistance to pressure. Moreover, 
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Fig. 4.—GRADED SAND AS USED IN CONORETE, 
SHOWING VOIDS. 
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its strength and hardness continue to increase 
year by year for all time. In‘ this respect 
concrete differs from, and is superior to, all 
other structural materials, which, without a 
solitary exception, suffer disintegration by 
exposure to the atmosphere. Even the 
hardest stone perishes in course of time, 
while metals such as iron and steel are 
rapidly destroyed by corrosive influence. 

No form of paint or other protective coating 
has been devised, and probably none will ever 
be devised, capable of preserving metal sur- 
faces permanently from corro- 
sion. But it is a well-authenti- palmar 
cated fact that iron or steel 
embedded in concrete is fully protected from 
injury of any kind. Among other proofs of 
this valuable property we may cite the case 
of iron clamps embedded in the walls of the 
Parthenon, which, when uncovered after the 
lapse of two thousand years, were found to 
be in perfect condition. 

Another good instance was cited at the 
Engineering Conference of 1907 by Mr. W. T. 
Douglass, M.Inst.C.E., who stated that, when 


REINFORCED CONCRETE CONSTRUCTION. 





Fig. 5.—THE TOTAL AREA Fig. 6.—THE TOTAL AREA 
REPRESENTS THE LOAD- REPRESENTS THE COST 


BEARING CAPACITY OF OF STEEL, AND THE 
STEEL IN COMPRESSION, BLACK AREA THE COST 
AND THE BLACK AREA OF CONCRETE, FOR 


THAT OF CONCRETE IN 
COMPRESSION, FOR 
EQUAL SECTIONS. 


EQUAL VOLUMES. 


Sleel 


Concrele 


Fig. 7.—RELATIVE COST OF STEEL AND CONCRETE IN 
COMPRESSION FOR EQUAL STRENUTH. 


taking down Smeaton’s Eddystone Lighthouse 
in 1881, he discovered a bundle of iron rods 
which had been embedded in lime concrete ; 
and although that material had been exposed 
to sea air and sea water for a century and a 
half, “the colour of these rods was just as if 
they had come from the mill, and there was 
no mark of rust whatever on them.” 

No question exists as to the value of steel 
in construction, so far as concerns tensile 
strength and elasticity, and there is none as 
to the comprossive strength and permanent 
durability of concrete. Hence there is ample 
justification for the combination by which the 
physical strength of steel is supplemented and 
preserved by the constitutional strength of 
concrete. 

The happy union of the two materials has 
given to the world the product here termed 
*‘reinforced concrete,” and which is also known 
by the designations “armoured concrete,” 
** béton armé,” “concrete steel,” “steel con- 
crete,’ and “‘ ferro-concrete.”’ 
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At this stage we take the opportunity of 
explaining that a steel frame or other struc- 
ture embedded in concrete does not necessarily 
constitute genuine reinforced concrete. On 
the contrary, such an arrangement would more 
properly be called “‘ reinforced steel.” 

To create reinforced concrete pure and 
simple, the materials must be so disposed that 
all compressive stresses are resisted alone by 
the concrete, and all tensile 
stresses by the steel, with or 
without assistance from the 
concrete. In practice, how- 
ever, the tensile resistance of the concrete is 
entirely neglected because its value is too 
small for consideration. 

A few figures will enable us to demonstrate 
at once the economy of reinforced concrete. 
To begin with, a given section of steel will 
carry in compression thirty times the load 
that can be imposed on an equal section of 
concrete (as represented diagrammatically in 
Fig. 5); but, as a set-off, the cost of steel is 
about fifty times that of concrete (as shown 
in Fig. 6). Therefore for equal resistance the 
cost of concrete is only three-fifths that of 
steel (see Fig. 7); and so we sce that concrete 
used in compression is far more economical 
than steel. 

In tension, steel will carry three hundred 


What 
Reinforced 
Concrete is. 





Fig. 8.—THE TOTAL AREA REPRESENTS THE LOAD- 
BEARING CAPACITY OF STEEL IN TENSION, THE 
BLACK AREA THAT OF CONCRETE IN TENSION, FOR 
EQUAL SECTIONS. 
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times the stress that can be developed in con- 
crete (Fig. 8), because the resistance of the 
latter material to tension is only about one- 
tenth of its resistance to compression. How- 
ever, since steel costs fifty times as much as 
concrete (Fig. 6), the result is that for equal 
resistance the cost of steel is only one-sixth 
that of concrete. The economy of steel used 
in tension is as represented in Fig. 9. 


concrete 





Fig. 9.—RELATIVE COST OF CONCRETE AND STEEL IN 
TENSION FOR EQUAL STRENGTH. 


The practical bearing of the foregoing com- 
parisons is explained by Fig. 10, where we 
have at the left hand a rolled steel beam, the 

cost of which is taken as the 

The Question .+ondard as regards both com- 
of Cost. : 

pression and tension. Next 

we have a plain concrete beam, on the end 

of which is written the relative cost of the 





Fig. 10.—DIAGRAMS TO SHOW COST OF ALL-CONCRETE 
(CENTRE) AND COMPOUND CONCRETE AND STEEL 
BEAMS (RIGHT) RELATIVELY TO THAT OF ALL- 
STEEL BEAM (LEFT). 


material in compression and in tension. Fin- 
ally, we have the top half of a concrete beam 
and the bottom half of a steel beam, each 
element being marked with the relative cost 
of the material. 

From this series of sketches it is evident 
that a plain concrete beam must cost 3,5, times 
as much as a steel beam, but that a com- 
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posite beam of concrete and steel can be made 
for four-fifths the cost of a steel beam, or less 
than one-fourth the cost of a plain concrete 
beam. 

Of course it must be understood that the 
third sketch in Fig. 10 is purely diagrammatic, 
and does not in any way depict the manner in 
which concrete and steel are combined to form 
reinforced concrete. To make that matter 
plain, it will be necessary to consider briefly 
the effects produced by the application of 
external forces to elementary members such 
as are employed in all forms of engineering 
and architectural construction. 

We will first take the case of a beam, which 
the reader can practically represent by a strip 
of moderately flexible wood, 
placed on two supports, as in 
Fig. 11. Having arranged 
the beam thus, a weight W placed at the 
middle of the span will cause the beam to 


Stresses in 
a Beam. 


Fig. 11.—BEAM UNDER LOAD. 


bend downwards, the extent of the curvature 
depending upon the force exerted by the 
weight, and also upon the elastic strength of 
the wood. . 

Let it be assumed that the conditions are 
such as to produce the amount of curvature 
indicated in Fig. 12. Every part of the beam 





Fig. 12.—BENDING OF BEAM UNDER LOAD, SHOWING 
DISTRIBUTION OF COMPRESSIVE AND TENSILE 
STRESS AND THE NEUTRAL AXIS. 


Curvature greatly exaggerated. 


REINFORCED CONCRETE CONSTRUCTION. 


between the supports is bent, but the maximum 
bending occurs at the middle of the span. All 
along the top surface the fibres of the wood 
are more or less crumpled up or compressed 
lengthways in consequence of the length being 
reduced by curvature; while all along the 
bottom surface the fibres of the wood are 
stretched, because the length is increased by 
curvature, 

The X-shaped area in Fig. 12 represents the 
effects produced at the middle of the beam. 
At the base of the inverted triangle the com- 
pressive stress (c) is greatest, its intensity 
decreasing progressively downwards to zero at 
the apex of the triangle. Similarly at the 
base of the upright triangle the tensile stress 
(4) is greatest, and its intensity uniformly 
decreases upwards to zero at 
the apex of the triangle. 

Therefore we find that there a ane 
is a@ plane in the beam where ao 
no stress is caused by curva- | 
ture. That plane is called the 
neutral axis, and as compres- 
sive and tensile stresses, distributed in the 
manner described, exist all along the beam, 
the neutral axis extends from end to end of 
the member. 

Little consideration of Fig. 12 is needed to 
bring home the fact that concrete is well 
adapted for resistance to compressive stress 
above the neutral axis, and badly adapted for 
resistance to tensile stress below the same axis. 

As a matter of fact, the strength of concrete 
in tension is only about one-tenth the strength 
of concrete in compression. This means that 
in a plain concrete beam nine-tenths of the 
strength possessed by the material in com- 
pression must be absolutely wasted ; or, con- 
versely stated, that by the addition of steel 
as reinforcement in the tension area tho resist- 
ance of a plain concrete beam can be increased 
tenfold. | 

Fig. 13 contains longitudinal and transverse 
sections of a reinforced concrete beam in its 
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Hig. 13.—REINFORCED CONCRETE BEAM. 
SION AREA SHADED, TENSION AREA (WHITE) REIN- 
FORCED BY STEEL BARS (SOLID BLACK). 


COMPRES- 


most simple form, where the reinforcement 
consists of straight bars in the tension area. 
Although a beam so designed constitutes an 
apt illustration of the advantages gained by 
the combination of concrete and steel, it does 
not embody the most effective arrangement. 
The reason will be clear when we state that 
in a beam which is straight or virtually straight 
under load, the maximum tensile stresses are 
practically horizontal for a considerable dis- 
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Fig. 14.—pbIAGRAM ILLUSTRATING THE DIRECTION OF THE 
LINES OF MAXIMUM TENSION IN A BEAM. 


tance on each side of the middle. But the 
direction of the stresses is really curved, as 
shown in Fig. 14, a diagram 

which at once suggests that How Steel is 
the ideal form of reinforcement “HSttibuted in 

a Beam. 

would be provided by curved 

bars. For practical reasons, however, curved 
bars are undesirable, and engineers adopt in 
their stead various alternatives, one of the 
most effective being that of M. Hennebique, 
represented in Fig. 15, where the main rein- 
forcement comprises two bars—-one horizontal, 
and the other bent up towards the ends— 
and a number of U-shaped loops. The bent- 
up ends of the main bars withstand part of 
the diagonal tensile stresses in the concrete, 
while the vertical loops serve the double pur- 
pose of taking a further part of the diagonal 
tensile stresses, and of providing a connecting 
link between the tension and compression 
areas of the beam. 
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In most buildings and engineering structures 
it frequently happens that main beams are 
continuous over columns or piers ; that second- 
ary beams are continuous over the main beams ; 
and that floor, deck, or roof slabs—which in 
reality are thin wide beams—are continuous 
over both main and secondary beams. 

Wherever such arrangements occur, the 
relative positions of the tensile and compres- 
sive stresses due to bending are reversed for a 
short distance near each support, the tensile 
stress being transferred from the bottom to 





Fig. 15.—LONGITUDINAL SECTION OF HENNEBIQUE REINFORCED 
CONCRETE BEAM. 
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Fig. 16.—REINFORCED CONCRETE MAIN BEAMS, SECONDARY BEAMS, 
AND CONNECTING SLAB (HENNEBIQUE SYSTEM). 


the top, and the compressive stress transferred 
from the top to the bottom. Consequently, 
the bent-up bars represented in Fig. 15 aro 
just in the places where they can effectively 
reinforce the concrete against tension in its 
reversed position, while the horizontal parts 
of the same bars are in the right place for 
withstanding the horizontal tensile stress near 
the lower surface in the middle portion of the 

beam. 
Before dismissing the subject of reinforced 
concrete beam design, it is desirable to direct 
attention briefly to three im- 


of Comorete Portant physical properties of 
and Stee], concrete and steel, upon which 


depends the possibility of 
combining those materials in such manner that 
their action is akin to that of a single sub- 
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stance. Adhesion between the concrete and 
the steel, in spite of the stresses caused by 
loading, is a matter of prime importance, and 
without it the remarkable qualities of rein- 
forced concrete could not be realized. 

Fortunately, when steel bars have been 
embedded in concrete, they are gripped so 
famly after that material has hardened that 
there is no fear of slipping or other move- 
ment. Numerous experiments made for the 
purpose of determining the amount of the 
adhesion between concrete and steel bars 
show that the actual resistance 
ranges from about 400 lbs. to 
650 lbs. per square inch of the 
steel surface in contact with 
concrete. 

Equality of expansion during 
temperature changes is a very 
important factor in the case of 
materials used together; and 
if there were any appreciable 
difference between the expan- 
sion of concrete and steel, the 
adhesion between the materials 
might be destroyed in the event 
of fire, as happens to terra- 
cotta and kindred products when used to 
protect ordinary steelwork from fire. 

Nothing of the kind is to be feared in the 
case of reinforced concrete, because the “ co- 
efficients of expansion ”’ of concrete and steel 
are virtually equal. 

Another point to be considered is the extent 
to which steel and concrete are stretched 
when under tensile stress, as in the lower part 
of the beam shown in Fig. 12. 

To put the matter shortly, a steel bar of a 
square inch section is stretched sgugo770th of 
its original length by every pound of pull; 
whereas a concrete bar of equal section is 
stretched zyzic50th, or fifteen times as much 
as the steel. Since steel is able to stand a 
very much greater tensile stress than con- 
crete, the latter, in a reinforced concrete beam, 
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Fig: 17.—DIaGRAMS ILLUSTRATING THE ADHESION 
BETWEEN CONCRETE AND STEEL. 


If a bar 1 inch square in section be embedded 10 inches in 
voncrete, a pull of 16,000 lbs. will be required to withdraw 
it. Tho resistance varies proportionately with the area of 
steol in contact with thé concrete. A l-inch bar of average 
mild steel could not be withdrawn if embedded 40 inches, as 
the adhesion would be greator than the tensile strength of 
tho metal. 


will develop cracks long before there is any 
danger of rupture in the beam as a whole. 

Nevertheless, the cracks are so numerous 
and so exceedingly small that the concreto 
in tension does not fail as a whole, its useful- 
ness is not impaired, and the concrete in com- 
pression (see Fig. 19) does not suffer in any 
way. 

The general result is that, while a plain con- 
crete beam would suddenly break under loads 
causing the tensile stress of, say, 200 lbs. per 
square inch, a reinforced concrete beam would 
not begin to show any signs of impending 
failure until stretched to an extent equivalent 
to that produced by a 2,000 lbs. per square 
inch; and even then the indications of threat- 
ened failure would simply be due to the fact 
that the steel had been stressed up to or 
beyond the limit of the concrete’s elasticity. 

Finally, it should be noted that, whereas 
plain concrete gives no warning of failure, 
reinforced concrete always does so by gradual 
widening of the hair cracks, and that in cases 

where ordinary loads are adopted the cracks 
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are quite invisible, and close up again on 
removal of the load, and the beam resumes 
its original form. The result is that reinforced 
concrete beams behave exactly as if they were 
constructed of a perfectly elastic material. 

In fact, we are justified in considering rein- 
forced concrete to be a species of elastic stone, 
combining the compressive strength, solidity, 
and durability of rock with the tenacity and 
elasticity of steel. By its aid light and elegant 
structures can be designed which compare in 
these respects with the best examples of steel- 
work ; but, unlike the latter, they are immune 
from injury by the atmosphere, and, unlike 
structures built of any other material, they 
continue to increase in strength year by year. 

In one form or another beams enter into 
almost every type of construction, as the 
girders and platforms of bridges, the decking 
of wharves and piers, the 


floors and roofs of buildings, Many Uses 
and the bottom of docks of Ferro- 
> Concrete. 


reservoirs, and aqueducts. 
Beams are applied vertically in the design 
of walls for buildings, docks, reservoirs, of 
retaining walls, and of various other struc- 
tures too numerous for individual mention. 
However, if reinforced concrete could be 
employed with advantage in the form of beams 
and kindred members only, the usefulness of 
the new material would be 


seriously limited. The fact is Reinforced 
that in constructive work beams ouerete 
Columns. 


havo generally to be used in 

conjunction with members designed to with- 
stand forces applied parallel to their length, 
or in conjunction with members designed to 
withstand forces applied parallel to their length 
and other forces acting transversely. 

These two kinds of members are illustrated 
in Figs. 20 and 21. In the former diagram 
we have a thick column loaded at the top in 
such manner that the lines of pressure due to 
the collective load P are parallel to the sides 
of the member. It will be seen from Fig. 20 
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Fig. 18.—DIAGRAM REPRESENTING A SUDDEN AND COMPLETE FRAC- 
TURE OF A PLAIN CONCRETE BEAM, WHICH WOULD OCCUR AT 
STRESSES RANGING FROM 200 To JOO LBS. PER SQUARE INCH. 

Fig. 19.—REINFORCED CONCRETE BEAM INTACT UNDER CONDITIONS 

CAUSING STRESS IN THE STEEL EQUIVALEND TO THE TENSION OF 
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and at the same time to resist 
the outward bulging of the con- 
crete. The brac- 
ing can be ap- 
plied in the form 
of links, as rep- 
resented in Fig. 23, which shows 
that the vertical bars cannot 
bend very much so long as the 
links remain intact. As a 
matter of fact the bars can only 
bend between the links instead 
of bending as a whole (see Fig. 
24), and under ordinary working 


Disposition of 
Steel Bars in 
Columns. 


2,000 LBS. PER SQUARE INCH IN THE CONCRETE. 


that the effects of the pressure are to shorten 
the column and to cause it to bulge laterally. 

In the other diagram we have a thin column 
upon which the force P, acts at the top and 
the force P, acts against one side, the result, 
being that the column assumes a curved form, 
and is subject to stresses distributed like those 
in a beam. 

The curvature is exaggerated in Fig. 21. 
In actual practice the column would be very 
little bent, and so it would be called upon to 
resist direct compression as in Fig. 20, as well 
as the stresses occasioned by bending. 

We have next to see how these fundamental 
principles affect the design of reinforced con- 
crete columns. Let us first take the case of 
a very short column like that in Fig. 20, but 
with the addition of four vertical reinforcing 
steel bars, disposed as shown by the cross 
section in Fig. 22. Then the compression and 
bulging of the concrete are accompanied by 
bending of the steel bars, partly because the 
bars are so long in proportion to their thick- 
ness, and partly because the outward thrust 
of the concrete is a very powerful force. To 
use steel in this way would evidently be in- 
effective and uneconomical. 

We will now show how the same four bars 
can be rendered more effective by the addition 
of bracing intended to keep the bars straight, 


conditions the curvature is in- 

finitesimal. Consequently, the vertical bars 
are of great assistance to the concrete, pre- 
venting the excessive shortening of the 
columns, and reducing the tendency of the 
concrete to bulge laterally. The links aro 
of further valuc in resisting the small amount 
of bulging that ac- 

tually takes place, 

and the resistance 

so afforded in turn 

\ helps the concrete 
\ \ and the vertical bars 
\ to stand up against 
the pressure acting 
on them at the top 
of the column. The 
upshot of this con- 
; certed action is to 
// make the column ex- 
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/ / ceedingly strong, and 

g to bring into play 

Figs. 20 and 21. that union of forces 
which underlies 


genuine reinforced concrete construction. 

Reinforced concrete piles are very much 
like columns of the same ma- 
terial, except at the head and Reinforced 

; Concrete Piles. 

toe. The head is more strongly 
reinforced transversely than the body of the 
pile, because it has to withstand the force 
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CROSS SECTION 


Fig. 22.—DIAGRAM TO SHOW BULGING TENDENCY OF 
A REINFORCED CONCRETE COLUMN. 

Fig. 23.—REINFORCED COLUMN BRACED WITH CROSS 
LINKS TO RESIST BULGING FORCES. 


CROSS SECTION 


and shock caused by the fall of the pile-driving 
weight, or by the head of the pile-driving 
engine. The toe is finished by a steel point, 
so as to enable the pile to penetrate rock and 
other hard materials encountered in the pro- 
cess of driving. 

To people who have been accustomed to 
deal with plain concrete, which is a brittle 


substance easily broken across by transverse — 


forces, or smashed by a succession of heavy 
blows, it must seem a wonderful thing that 
reinforced concrete piles 50 feet or 60 feet 
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long and little more than 12 inches across can 
be transported and slung by cranes without 
being broken, and driven into hard ground 
as easily as piles of timber or steel. 

A novel method of pile construction is 
represented by the Mouchel patent hollow 
diaphragm reinforced concrete pile, designed 
as shown in Fig. 29, where the hollow space in 
the centre is left by the elimination of con- 
crete from a position where it is of compara- 
tively little value, thus permitting an equal 
amount of material to be added on the outside, 





Fig. 24.—LINKED BARS IN COLUMN CAN BEND ONLY 
BETWEEN LINKS. 


where it is of great value in resisting pressure, 
and where it augments the bearing power of 
the pile by increasing its diameter. 

Another noteworthy improvement invented 
by Mr. Mouchel is shown in Fig. 30. It con- 
sists of one or more piles driven singly or in 
a cluster, and then converted into a massive 
pier by lowering a reinforced concrete hollow 
cylinder over the pile or piles, and filling up 
the interior space with reinforced concrete. 
The single pile in Fig. 30 anchors the pier 
firmly into the ground, which is penetrated 
for a short distance by the edges of the cyl- 
inder, and the whole forms a very strong com- 
bination whose advantages have been proved 
in various important jetties and piers built 
within recent years. 
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By the conjoint employment of reinforced 
concrete beams, slabs, and columns, almost 
every kind of building construction and nu- 
merous types of engineering structures can be 
executed. Reinforced concrete piles are fre- 
quently of exceptional service in the founda- 
tions of buildings, bridges, culverts, reservoirs, 
swimming baths, and elsewhere ; while in har- 
bour and river engineering they are even more 
valuable as the bases of structures built up of 
columns, struts, beams, and slabs of the same 
material. 

But in addition to the primary forms of 
structural members to which attention has 





Fig. 25.—REINFORCED CONCRETE COLUMN. 


Fig. 26.—CAST-IRON COLUMN CASED IN FIRE-RESIST- 
ING MATERIAL. 


Fig. 27.—STEEL COLUMN CASED IN FIRE-RESISTING 
MATERIAL. 


These three figures show that for equal strength a rein- 
forced concrete column takes up no more room than one of 
cast-iron or steel adequately protected against fire. 
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Fig. 28.—4 REINFORCED HENNEBIQUE PILE} VERTICAL 
AND CROSS SECTIONS, 


Fig. 29.—PATENT MOUCHEL HOLLOW REINFORCED CON- 
CRETE PILE. 


Fig. 30.—MOUCHEL ANCHOR PILE SURROUNDED BY 
IRON CYLINDERS, CUNCRETE FILLED IN BETWEEN 
THE TWO. 


been confined so far, reinforced concrete is 
specially applicable to the design of circular 
reservoirs, water mains, drain conduits, cylin- 
drical chambers for the storage of grain, 
arches, and, in a word, for almost every class 
of construction in which other materials have 
been used up to the present, and including 


- even barges, boats, and pontoons, railway 


sleepers, telegraph poles, fortifications, and 
armouring for war vessels in place of stee 
plates. ' 


As ferro - concrete 


is able to with- 
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great heat, this 
form of con- 
struction is 
used for many 
bridges in 


Russie. 





Fig. 31.—BLAGODATUOIE BRIDGE, RUSSIA.~-FERRO-CONCRETE CONSTRUCTION. 
(Photo, Messrs. Mouchel and Partners.) 
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‘Fig. $2.—-cONSTRUCTION OF FLOORING IN FERRO-CONCRETE, HENNEBIQUE SYSTEM. 
(Photo, Messrs. Mouchel and Partners.) 
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Fig. 33.—NEW GENERAL POST OFFICE. VIEW OF 
PUBLIC OFFICE BLOCK BEFORE ERECTION OF 
MASONRY WALLS. 

(Photo, Messrs. L. G. Mouchel and Partners.) 


A REMARKABLE EXAMPLE OF 
FERRO-CONCRETE CONSTRUCTION. 


On the site of the old Christ’s Hospital, 
Newgate Street, otherwise known as the Blue- 
coat School, now rises a huge pile of buildings, 
which form part of the London General Post 
Office. In March 1907 excavation of the 
foundations, which are 30 feet below the level 
of the neighbouring streets, was begun. 
About three and a half months later construc- 
tion commenced, and Christmas Day 1908 
witnessed the completion of the shell, internal 
walls, floors, roof, lift shafts, ventilating shafts, 
staircases, fan-lights, and numberless other 
details. 

The building consists of two blocks, con- 
nected by a covered bridge, and having base- 
ments common to both. The entire mass 
(internal fittings are, of course, excluded from 
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consideration) is carried by @ number of 
columns, the bases of which rest on London 
gravel. The column footings are about 12 
feet square, and, like the rest of the structure, 
are of reinforced concrete. 

The visitor cannot but be struck by the 
slender proportions of the columns, spaced 
45 feet apart in some instances, on which 
devolves the duty of bearing up some 25,000 
tons of material, in addition to the weight of 





Fig. 34.—SPIRAL STAIRCASE IN HENNEBIQUE FERRO- 


CONCRETE, EXHIBITED AT THE FRANCO-BRITISH 
EXHIBITION oF 1908. 
This structure, rising to a height of 27 feet from a founda- 


tion of only 16 feet square, attracted much attention. 


(Photo, Messrs. L. G. Mouchel and Partners.) 
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fittings to be added presently of postal matter 


and live load. Only 18 inches square on the 
grouhd floor, they are reduced to 9 inches in 
the topmost story. At the east and west ends 
of the main block the walls overhang the 
foundations con- 
siderably—at the 
east end by 12 
feet 6 inches— 
being held up by 
immense _ longi- 
tudinal beams of 
147 feet span, 
themselves sup- 
ported by a num- 
ber of cantilever 
beams forming 
continuations of 
the floor beams 
of the second 
story. Despite 
the enormous 
load, the settle- 
ment of these 
beams, after the 
wooden supports 
used during con- 
struction had 
been withdrawn, 
proved to be ab- 
solutely nl. 

The time occu- 
pied in actual 
construction was 
eighteen months. 
But for certain 
difficulties, quite apart from the system (the 
Hennebique) used, this period might have been 
curtailed considerably. So far as raising walls 
and columns was concerned, progress was 
regulated mainly by the rate at which the 
moulds and centerings could be placed in 
position. 

One notable feature of ferro-concrete con- 
struction is its great simplicity. The only 


‘ 





Fig. 35.—REINFORCED WATER-TOWER, NEWTON-LE-WILLOWS. 
(Photo, Mesars. L. G. Mouchel and Partners.) 
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materials needed were gravel, sand, Portland 
cement, stcel bars, and the timber for the 
moulds. The carpenters led the way, making 
and fixing the moulds. Behind them followed 
the concreting gangs, who laid in their proper 
positions the col- 
umn and beam 
reinforcing steel 
rods, and round 
them rammed 
the concrete care- 
fully. The last 
was composed of 
one cubic yard of 
Thames ballast 
broken to pass 
through a }3-inch 
mesh, to half a 
cubic yard of 
sand and 6 cwt. 
of Portland ce- 
ment, with a due 
addition of water. 
Highly - skilled 
labour was not 
needed here, as 
no girders had to 
be rivetted. 
Altogether, a- 
bout 3,000 tons 
of steel were 
used on this con- 
tract. Had steel 
girders and stan- 
chions been em- 
ployed, the 
weight of metal would have risen to 15,000 
tons, and the total weight of the struc- 
ture from 33,000 to 70,000 tons. The 
offices as they stand are a monolith—that 
is to say, there is not a joint anywhere. 
From the topmost chimney to the lowest 
column footing, the concrete forms one con- 
tinuous whole—a gigantic box pierced with 
openings for nearly three thousand windows. 
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Fig. 36.—AN ARTIFICIAL ISLAND, DESIGNED BY 
MESSRS. HENNEBIQUE AND THE SCHNEIDER COM- 
PANY FOR USE AS A TORPEDO-TESTING BATTERY 
IN THE MEDITERRANEAN. 


This view shows the battery afloat, and being towed to its 
present situation in the roads of Hyéres, where it was sunk 
wpon & prepared foundation in 50 fect of water. 
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The thinness of the walls (nowhere exceeding 
6 inches) and floors and the slenderness of 
the columns have enabled the architect to 
take the fullest advantage of the space avail- 
able. The strength of the floors and columns 
is enormous, and gives a very liberal “ factor 
of safety.” 

Finally, if fire should attack the inflam- 
mable postal matter which will be sorted 
in these offices, the actual structure would 
suffer a minimum of damage, as the steel rods 
upon which it depends for its stiffness could 
hardly be affected through their protective 
coat of concrete. 

In short, the new General Post Office build- 
ings afford one of the finest examples of a type 
of construction which appears to be capable of 
almost indefinite development. 


Notr.—Thanks are due to Messrs. L. G. Mouchel and Partners, the Consulting Engineers 
to H.M. Office of Works in respect of the General Post Office Extension, for their courtesy 
in supplying the Pholographic Illustrations which accompany this article. 
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Tig. 37.—BALLROOM AT THE FRENCH EMBASSY, 


LONDON, 


ILLUSTRATING THE ADAPTABILITY OF 


FERRO-OONCRETE TO DECORATIVE WORK. 
(Photo, Messrs. Mouchel and Partners.) 


AN INTERESTING BRIDGE-BUILDING 
_ FEAT. 


, BY A. STEWART BUCKLE, 


Executive Engineer in Charge of the Sittang Bridge, Burma. 


A short account of a novel method of transporting two bridge spans from the 
shore to their positions in the bridge. 


Sao a ee ore TET NE of the most recent 
extensions of the Bur- 
ma railways system is 

that from Pegu to Moulmein. 
mn) This line, which is 121 miles in 

Pas ate RY ' ae . oi. ih en f| length, was begun in October 

en bee = agri 1904, and was opened for traffic 
ee in September 1907. It proved 

a success from the first, the 

trains being always crammed 

with passengers, and the goods 
traffic also showing a  corre- 
sponding development. 

In an ordinary country this 
railway would probably have 
been put in hand many years 
earlier, but, running as it does 
so near the sea-coast, the extent of heavy bridging required for a great part of its length 
was considerable. Whatever rivers thore were had to be crossed near their mouths, and 
consequently at their widest part. 

The most formidable of these rivers is the Sittang, the mouth of which forms the head 
of the Gulf of Martaban. The width of the river at the crossing-place is about 1,600 feet, 
or about twice that of the Thames at London Bridge; the depth, even at 
lowest water-level, is as much as 24 feet. 

A bridge of eleven spans of 150 feet each on double cast-iron cylinders 
was designed to cross the river, the total length of the bridge being 1,760 feet. An old 
Burman of Sittang declared that to put a bridge over the river was quite impossible ; but 
on being told how the same distance was covered by the Forth Bridge in one span, he 
agreed that it might possibly be donc, but that everything depended upon whether the spirits 
that inhabited a large banyan tree on the river bank should be propitious or not. 

A railway construction engineer in India generally has a following of skilled men of 
various types of natives from various parts of India. It is only necessary for one or two 
men to learn, either from the frionds of the engineer or in some other way of their own, 

(1,408) 28 VOL, II. 
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Fig. 1.—-THE STAGING ON SHORE, ON WHICH THE FLOATED SPANS 
WERE BUILT. 


The River 
Sittang. 
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that their former ‘‘ Sahib” is starting a new 
job, for a general concentration to take place. 
Blacksmiths, masons, carpen- 
ters, masonry inspectors, etc., 
come from the Punjab ; Path- 
ans, for digging heavy cuttings, from across the 
North-West Frontier, and even from Afghan- 
istan; Bombay Khallassies or bridge-builders 
from Bombay; petty contractors from all 
parts. Of course these form a nucleus only 
of the vast army that is required. Arrange- 
ments have to be made for subordinate en- 
gineers, clerks, large contractors, Chinese 
carpenters, etc. Formerly the native of India 
could not be persuaded casily to face the 
three days’ sea journey between India and 
Burma, but now thousands of natives under- 
take the journey annually, and find employ- 
ment on the rice fields, public works, and the 
railway. 

In the divisional office at Sittang there were 
so many races of clerks, draughtsmen, etc., 
that English was the only common language 
amongst them. 

For such work as the Sittang Bridge the 
men chiefly required were Bombay Khallassies. 
These men belong to a race of hereditary 
sailors, and are very smart at all work in 
which the handling of heavy pieces of iron- 
work is required. The leading men amongst 
them have usually had great experience, and 
are very keen on their work. They are just 
as ready to work in water as on the top of a 
girder—in fact, they swim like fish and climb 
like monkeys. 

-Of the ten pairs of cylinders for the piers, 
six pairs were completed in the first season’s 
work (1905 to 1906). In October 1906, as soon 

as the rainy season was over, 


Native 
Workmen 


First girder erection was started 
Season’s id 
Work. from one end of the bridge on 


wooden stagings on piles driven 
into the river. Later, when more cylinders 
had been completed, this work was carried 
on at both ends of the bridge simultaneously. 
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The steel and cast-iron work for the bridge, 
amounting to about 2,600 tons, was all made 
in England and dispatched to Rangoon. 
Thence it was brought in barges towed by 
launches, specially purchased for this bridge, 
through a system of canals which connects 
the Sittang River with Rangoon. 

It was decided that the bridge must bo 
completed as early as possible in 1907, and 
that therefore everything must be made secure 
before the rains began. The rainy season 
generally opened about the middle of May, 
but the heavy floods did not usually appear 
till the middle of June. After that date stag- 
ings were likely to be not only dangerous in 
themselves, but, if carried right across the 
river, so serious an obstruction to the river, 
heavily charged as it always is in the first 
flood with débris, logs, etc., as inevitably to 
lead to disaster. Of course, as soon as a 
span was sufficiently complete the stagings 
were removed and used for another span. 
This was comparatively easy, but to draw 
40-foot piles that have been driven 10 feet 
or more into the ground takes time. More- 
over, the maximum depth of low water had by 
this time been increased, by scouring of the 
bed, from 24 feet to nearly 30 feet. 

In the circumstances, as it was very neces- 
sary that the whole railway from Pegu to 
Moulmein should be opened for traffic before 
the following dry season (1907 
to 1908), it was decided that 
for the two centre spans, 
where the water was deepest, some other 
method than staging must be employed. The 
scheme adopted was to float out the girders. 
The simplest way of floating out is to work 
at a low level—as was done in the case of the 
Britannia Bridge—and then to raise the girders 
by mechanical means to the correct height. 
In the case under consideration the system of 
jacking up the girders and building the piers 
at the same time was not possible with piers 
composed of cast-iron cylinders made up of 


A Novel 
Scheme. 
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Fig. 2.— FIRST FLOTATION OF A 
SPAN ON PONTOON, 


sections six feet long. On the 
whole, it was considered better 
to float out the complete spans 
at the full height. By this 
method the girders could be 
built in safety on shore, and 
be made perfectly safe when 
placed in position on the 
bridge. The only danger 
would be during the few hours 
when tho girders were actually 
floating, and it was thought that by providing 
carefully against all contingencies, including 
heavy squalls, the operation could be accom- 
plished successfully. 

Preparations were therefore made carly in 
March 1907. Fig. 1 shows a view of the 
staging on shore on which the girders were 


built. This staging was carried 
base os i up to the same level as the 
ae tops of the bridge piers. From 


the staging two jetties were run out to deep 
water. On each of these a pair of ordinary 
railway lines were laid, passing under the built 
girders. The girders were then lowered on to 
four strong trollies placed on the rails, and 
hauled out to the end of the jetties. A set 
of strong pontoons, intended eventually for 
use as floating landing-stages at Moulmein, 
were made use of for carrying the girders. 
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On these pontoons a strong 
wooden staging was erected. 
This floating mass was named 
the “ Dreadnought "—a name 
calculated to inspire confidence. 
The pair of girders, with cross 
girders, bracings, etc., weighed 
about 100 tons, so it was 
necessary to calculate exactly 
how deep the “‘ Dreadnought ” 
would sink when the extra 100 
tons were placed upon it. 
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Fig. 3.—THE SPAN FLOATING IN MID-STREAM. 


On May 1 there were still five spans to be 
finished. Three of these were in hand—two 
on river stagings, and one on the shore staging. 
On May 4 the rainy season 
opened most unexpectedly with > tremendous 

f Storm. 

a tremendous storm, which at 

Moulmein actually brought down 21 inches 
of rain in the twenty-four hours. This was 
very disheartening. To add to the difficulties 
the labour supply began to fail. The girder- 
erecting contractors declined to have anything 
to do with the floating out, saying that it was 
too: dangerous. However, more labour was 
collected from Rangoon, and the work was 
pushed on with all possible speed. 

On May 30 everything was ready for float- 
ing No. 4 span. Fig. 1 shows tho span after 
it had been removed from its original staging 
and hauled out to the end of the jetties. The 
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pontoons were then brought 
into position under the gir- 


ders just be- 
Floating the fore the tide 


first Span. 
arte was expected 


to rise. Half an hour after 
the ebb the girders were 
afloat, and shortly afterwards 
were moved out from the 
jetties, as shown in Fig. 2. 
Groups of anchors had been 





Fig. 5.—PONTOON REMOVED FROM BELOW SPAN. 


placed in the river at suitable places, and men 
on the pontoons hauled on these until the float- 
ing girders were brought into mid-river (Fig. 3), 
and then hauled on other anchors placed in 
the river above the bridge. In about four 
hours from starting the girders were brought 
into position as in Fig. 4, the pontoons being 
still in position under the span. The pon- 
toons were removed partly by the falling tide, 
and partly by letting water into them through 
cocks specially provided. 

The last span was ready for 


ee floating by the end of June. 
Difficulty. The river had by this time 


risen eight feet, and was too 
high to be affected by the tide. The pontoon 
staging was therefore eight feet too high. This 
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‘than a terrific squall burst upon her. 
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Fig. 4.——-THE SPAN IN POSITION 
OVER PIERS READY FOR LOWERING. 


difficulty was got over, how- 
ever, by jacking up tho gir- 
ders on sleeper stacks on the 
shore staging, and by lower- 
ing them on other eight-foot 
stacks on top of the bridge 
piers. The girders, after 
being safely placed, wero 
lowered down to their proper 
level with jacks. 

The last span was launched 
on June 30, 1907. The sec- 
ond floating was more 
cult than the first, because 
the men had to haul up against a strong 
current. But the Bombay Khallassies, 
directed by the engineer, worked well, and 
proved stronger than the current. It took 
some time to remove the pontoons, as 
in this case the river tended to rise rather 
than sink. It was dark when the “ Dread- 
nought ” was finally started on her return 
journey. She had no sooner left the bridge 
For- 
tunately, though the wind was in the wrong 
direction, the direction of the current was in 
her favour, and so the strange craft was re- 
turned safely to her anchorage. 

Much work remained to be done to com- 
plete the bridge. On August 4, 1907, however, 
the first engine passed over it with three. 
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trucks containing. the remaining Bombay had worked in favour of the bridge. On 
Khallassies, amidst the cheers of the Burmese, September 25, 1907, the whole line was opened 
now thoroughly convinced that the spirits for traffic. 
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Fig. 6.—-VIEW THROUGH THE COMPLETED SITTANG BRIDGE. 


Note the converging guard rails to prevent derailment of vehicles while crossing bridge. 
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GENERAL VIEW OF THE FOUR TOWERS (ALMOST COMPLETED), 


BY ARTHUR E. HEMING. 


An account of a minor but unique triumph of engineering skill. 


The Towers 


described are the loftiest permanent timber structures in the world. 


N ugly blot on an otherwise beauti- 
ful coast.” Such is the layman’s 
usual verdict on the towers stand- 

ing in the Marconi Company’s wireless tele- 

graph station at Poldhu in 

Les Poldhu Qornwall. The layman prob- 
owers. 

ably does not realize, however, 

that these structures are unique as to char- 

acter and purpose (the four similer towers at 

Cape Cod, Massachusetts, and the four at Cape 

Breton, Nova Scotia, being built to the same 

designs and specifications), and also the highest 


permanent erections in the world of timber 
construction. That they do not strike one as 
being graccful is due largely to the contrast 
which they present to the magnificent scenery 
which surrounds them. Were they situated 
in the midst of a manufacturing district, the 
obvious incongruity would disappear and the 
general effect be less severely commented upon. 
Also one must not lose sight of the two most 
important factors governing the conditions 
under which the work was executed—time 
and money. The former was of the greatest 


THE 


importance, and for this reason materials were 
utilized that could be most readily obtained. 





THE OIRCLE OF MASTS THAT PRECEDED THE TOWERS 
—AFTER COLLAPSE. 
These masts were 215 feet high. 


The history of events leading up to the 
building of the towers is typical of the dogged 
perseverance of that scientific genius, Guglielmo 
Marconi. In 1899 the directors 
of his company decided that 
the time had arrived to essay 
the stupendous task of bridging the 3,000 
miles of the Atlantic by wireless telegraphy, 
ond issued instructions for a station to be 
proceeded with. At the outset it was decided 
to erect one mast, 160 feet high, and a small 
power-house to contain a 30 horse-power oil 
engine, estimates being based on the results 
of experiments over distances varying between 
10 and 100 miles. It was soon found, how- 
ever, that these comparatively short distances 
gave very misleading indications of the power 
and size of “ aerial ’’ actually necessary. The 
term “ aerial” is the name by which is known 
the wire or combination of wires suspended 
in the air, from which electrical discharges 
are produced in the atmosphere, or, more 
correctly, ether, and by which electrical dis- 
charges produced at another station are 
transmitted to the instruments. As the 
experimental work progressed and the dis- 
tances covered increased, the results proved 
the inadequacy of the original plant, and the 


Their 
Antecedents. 
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number of the masts was added to from time 
to time, until finally orders were issued for no 
less than twenty masts, each composed of four 
spars, having a total height of 215 feet, to be 
placed in a circle 200 feet in diameter. A cor- 
responding circle of masts was to be erected 
simultaneously at Cape Cod. In September 
1901 a serious disaster occurred 

at Poldhu Station. The last of 

the twenty masts was being raised, when the 
combination of the strain caused thereby, a 


A Downfall. 





THE COMMENCEMENT OF A TOWER. 


defective mast cap, and a strong wind, caused 
one of the stay lugs to give way. Unfortu- 
nately, the design on which the masts were 
stayed was such as to make them all de- 
pendent on one another for support, and the 
sudden breakage of that single lug brought 
the whole forest of masts down like a house 
of cards, not one of the eighty spars being 
left standing in its original position. A very 
good representation of tho station immediately 
after the collapse is reproduced above. 

The result of this catastrophe was a hurried 
consultation between Mr. Marconi and his 
engineers, the matter being left ultimately in 
the hands of the writer, with 
instructions to design supports 
of an efficient character for an 
aerial of a certain size and height. Ten days 
later two schemes were ready to be submitted 
to Mr. Marconi for his selection—one a re- 


Designs 
for Towers. 


AAD 


arrangement of the masts, and the other a 
design for towers instead of masts. The first 
required considerable time in order to obtain 
timbers large enough to replace those which 
had been broken by their fall; and for that 
reason the alternative scheme, though the 
more expensive, was finally adopted and sanc- 
tioned by the board of directors. Hardly 
three weeks had clapsed since the first con- 
sultation, when the material was on the 
ground and the towers had been commenced 
—a smart piece of work considering that this 
material amounted to nearly 10,000 cubic feet 
of timber, 15 tons of iron work, and about 
4,000 feet of steel wire rope 

for stays, besides a large quan- 

tity of hemp rope, sundry fit- 

tings, tools, and gear, all of 

which had to be carefully esti- 

mated, specified, ordered, and 

delivered. 

In January 1902 a second 
disaster .befell the company. 
The twenty masts that had 

in the mean- 

vei ang time been ac- 
tually com- 

pleted at Cape Cod also col- 
lapsed, the cause in this case 
being the failure of one of the 
stays, due to the manner in 
which the attachment to the 
anchors was made. The stays 
of these masts were not spliced 
round the thimbles in the 
usual manner, but, in order to 
lessen the cost, were bent 
round and secured by means 
of steel clips. One of these 
clips, being insecurely fastened, 
allowed the wire rope to slip, 
and so produced the collapse. 

This second failure made the 
directors hesitate before con- 
tinuing the towers at Poldhu. 
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All work was stopped, and the designs and 
specifications were referred to experts. After 
much discussion over doubtful or inconclusive 
points, it was ultimately decided in March to 
proceed at Poldhu, and repeat the towers at 
both Cape Cod and Cape Breton; the work 
at the first named being carried out by the 
designer, and that at the two stations on the 
other side of the Atlantic put out to contract 
on the designs and specifications prepared for 
Poldhu. 

The chief objects aimed at were rapidity of 
construction, avoidance of highly skilled labour, 
and strength to resist the violent gales obvi- 
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NEAR VIEW OF A TOWER IN PROGRESS. 


The zigzag bracing is a feature of these towers, 
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SECTIONAL PLAN OF TOWER, SHOWING METHOD OF 
ARCHED BRACING. 


A, Verticals; B, Inside Brace; C, Outside Brace; D, Distance 
Block, and E, Diagonal! Tie-bolts. 


ously to be expected on a cliff 120 feet above 
sea-level, fully exposed to the Atlantic. Only 
those who have experienced 
one can realize what a genuine 
Atlantic gale means, though 
some idea may be conveyed by the fact that 
on one occasion the Robinson anemometer at 
the station registered a wind velocity of 104 
miles per hour. Allowing for the inherent 
inaccuracy of the instrument at this excessive 
speed, the velocity must have been at least 
95 miles per hour, exerting a pressure of 
about 30 lbs. per square foot. An empty 
metal-lined packing-case, some 3’ 6” cube, and 
weighing nearly 3 ewt., was bowled across the 
ground like a football, ultimately smashing it- 
self against a stone wall. Any one attempting 
to cross the open had to do so on hands and 
knees. An iron weather-vane on the top of 
the Poldhu Hotel was bent 20° out of the 
perpendicular. Yet not a stick was stirred 
on either of the four towers. That serious 
damage was not done in the neighbour- 
‘hood on this occasion is due to the fact 


Tremendous 
Gales. 
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that everything built by man in the dis- 
trict is designed to withstand these violent 
gales. 

The principal materials of which the 

towers are composed are Baltic timber 
rough sawn into planks, such as may be 
readily obtained from any 
timber merchant ; iron bolts, 
varying in size from # inch 
up to 14 inches diameter ; mild steel plates ; 
and stranded steel wire, of which to form 
the stays. The construction is similar to 
that used for what is known as a “ Scotch 
derrick,” frequently employed as a support 
for temporary cranes on large buildings in 
course of erection. As will be noticed in 
the illustrations, however, the usual cross 
bracing is replaced by a zigzag system in 
order to obtain greater rigidity; and to 
avoid racking or distortion from the square 
form, long bolts pass through the vertical 
members diagonally. The total height of 
each of the structures is 275 feet from the 
ground, of which 215 feet is contributed 
by the tower, the remainder by the 60 feet 
mast fixed at the top. The width of each 
side is 21 feet at the ground and 9 feet 
at the crown, where is placed a platform 15 
feet square to give room to manipulate the 
aerials, a matter which at the time of erection 
required some consideration, because a final 
form and size of aerial necessarily had to be 
decided on after comparison of experimental 
results, a course which involved the constant 
changing of acrials at all times of the day 
and night. _ 

The vertical members or corners are made 
up of planks 11” x 3”, bolted together side 
by side in fours, so as to form a total section 
of 11” x 12’, and so arranged 
that no two joints occur at 
the same point. Where out- 
side planks meet, the joint is further strength- 
ened by an iron plate }” thick. The trans- 
verse members or braces are each composed 
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Wire Cable 
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of two planks 9” x 2” placed one on 
either side of the two verticals, and 
having wooden blocks at intervals bolted 
between them of slightly less thickness 
than the verticals. This method, as will 
be seen by reference to page 436, opposes 
to wind pressure from any direction a 
surface supported by the convex side 
of an arch, thus putting a compressive 
strain on the timber—a desideratum 
always to be aimed at in timber con- 
struction. The base and crown are 
formed of 12” square timbers tenoned 
and bolted in the form of a square and 
rigidly fixed, the verticals being again 
tenoned into these frames. At heights 
of 75, 150, and 215 feet respectively, 
steel stranded wire stays are attached 
and carried down at an angle of about 
30° from the vertical to a suitable 
anchorage, the attachment to the towers 
being such as to maintain the compres- 
sion strain on the timber. All those 
carried to anchors on the outside of the 
square formed by the four towers have 
an ultimate tensile strength of 18 tons, 
those inside the square an ultimatc 
strength of 40 tons. Funnel stays only 
could be used inside the square, and of 
these the longest had to be carried up 
at a very acute angle to the perpen- 
dicular ; hence the need for extra strength. 
The work of erection was carried out in 
two distinct stages. Each side of a tower in 
turn was first laid out and bolted together 
on the ground; and when 
complete, all parts were clearly 
marked for position, unbolted 
and. stacked in the order in which they would 
be required. All four sides having been 
treated in this manner, the base frame was 
lowered on to the foundations already pre- 
pared, carefully levelled, and set in position 
relatively to the other towers. Then the first 
section of the vertical members was fixed in 


Erecting 
the Towers. 


ENGINEERING WONDERS 


OF THE WORLD. 


a> 


Rl . 
” ae 
ee 

“eR” 

>. & 
eh 7 
> 7 
> ee 


=. 
ie 


1a __ 
Nish. 
RB. 


4Way 
Saws 


ite 
Nal 


AMY 


¥ 


AWay 
,@ 


a 
Ta 
'y,ewez sult’ Bt" 
& 
at 


? 


; 
x 
£ 
io 3 
2 
¥ a 
: 
4 3 u 
pg f B 
< “ agulene 
7 use 





INSERTING DIAGONAL TIE-BOLTS. 


position together with the first set of braces, 
and concrete was added round the base to 
maintain the position permanently. After 
the concrete had set, the second section of 
verticals and the braces connecting them were 
placed in position ; then the next section ; and 
so on, until the first staying point was reached. 
A timber frame having been fitted and the 
stays attached, the work proceeded to the next 
point of stay attachment, and thence. to the 
top, where the crown was placed in position. 
Nine men worked aloft on the actual building 
of each tower, and twenty on the ground, 
the latter collecting the sections and braces, 
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and hauling them up to their fellow-workmen 
above. 

The workmen were all either Cornishmen 
or men living in the district, 
and entirely unused to the 
class of work on which they 
were employed. Only eight out of the thirty- 
six aloft had ever been more than thirty feet 
above ground ; yet but one out of the remain- 
ing twenty - eight 
found the great 
height too much 
for him, and re- 
fused to go aloft 
after seventy feet. 

In spite of the 
unusually cold and 
rough weather ex- 
perienced that 
spring, the four 
towers were ready 
to receive the 
aerials by May 
1902, the whole of {i 
this portion of the 
work being accom- 
plished without a single accident sufficiently 
serious to stop any man working, though 
numerous were the narrow 
escapes from sundry articles 
falling from above while the 
work was in progress. The only serious 
accident to be laid to the account of these 
towers occurred some time later while the 
finishing touches were being made at the 
top. In order to avoid the risks attending 
the use of ladders a primitive hoist was 
contrived. Two parallel hemp ropes were 
stretched at an angle to the tower from 
the top to the ground, and a short plank, 
technically known as a “‘ bo’sun’s stool,” was 
hauled up and down, using the stretched ropes 
as guides. One afternoon an extraordinary 
cloud bearing a waterspout was. seen ap- 
proaching, and all hands were ordered down 
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from aloft. All descended safely except one, 
and the “stool” had just gone up to fetoh 
him when the waterspout burst over the 
ground. Those in charge of the hauling rope 
bolted for shelter, leaving the rope hanging. 
The man aloft, not seeing that the rope was 
deserted, stepped into the seat and let go, 
the result being that he came down the whole 
distance of 215 feet practically without a 
check. Most for- 
tunately, the low- 
er ends of the 
stretched ropes 
were secured by 
several _half- 
hitches, on to 
which the “stool ” 
fell. These, acting 
as a spring, broke 
the force, and the 
man escaped with 
only a severe shak- 
ing which incapa- 
citated him for a 
few weeks. One 
could always see 
the heavy squalls to which this coast is sub- 
ject approaching from a distance across the 
sea, and a sharp lookout was kept for them. 
Work frequently had to be suspended for a 
quarter or half an hour, and the men aloft 
ordered to lie down flat to avoid being blown 
off the scaffolding. 

The towers were designed on a basis of a 
maximum wind pressure of 56 lbs. per square 
foot of surface, with a factor of safety of 5. 
It was estimated that such a ; 
pressure would produce a total pipiens 
horizontal load of 50 tons on 
each tower. In addition to this, the strain 
on the horizontal ropes carrying the aerials 
was estimated at 9 tons when under the same 
wind pressure ; but through lack of precedent 
on which to base the last item, it would be 
difficult to say how near the estimates wero 
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to the actual results without conducting costly 
experiments. T'wo instances may be quoted to 
show the extremo rigidity of these structures. 
One tower in course of erection had just 
reached its full height, but was entirely with- 
out stays for the last 65 feet, which, being 
the top, was the slenderest portion. That 
evening was clear and fine and the glass 
steady, and the permanent stays being ready 
to attach on the morrow, the temporary ones 
usually used were for this once discarded. 
During the night there sprang up a gale, 
having a wind velocity of nearly 70 miles per 
hour, but it failed to make any impression on 
the tower. In the second instance, one of 
the towers developed a slight cork-screw twist 
owing to a small error in setting out, which, 
however, was not observed until the struc- 
ture had attained a height of about 50 feet. 
Although it was not detrimental to strength, 
it was decided to attempt a correction for 
the sake of appearances. A new hemp rope, 
four inches in circumference, was attached to 
each vertical, and carried at an acute angle 
to the side of the tower to a capstan on 
the ground. The four capstans were manned 
simultaneously, and a strain as nearly equal 
as possible put upon all four ropes. Just as 
the tower appeared to be straight, two of 
the: ropes broke under the strain (the move- 
ment required was only about two inches), and 
the tower returned to its original form. The 
twisting strain on the tower at the moment 
of the ropes breaking may be safely estimated 
at not less than 16 tons at a radius of 10 feet 
and applied at a height of 50 feet above 
ground, and yet the only effect produced was 


a temporary movement of two inches at the 


point of application. 

It may be of some interest to give the 
results of the final plumbing tests applied 
after the towers had reached the full height 
and all the permanent stays had been fixed 
and made taut. The test was made in two 
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ways—first, by means of a theodolite; and 
secondly, by a heavy plumb-bob suspended 
down the centre. The latter 
test was carried out in each _ Tests for 
Perpendicu- 
case in an almost absolute larity. 
calm, with a line of fine piano 
wire on which was hung a weight of about 50 
Ibs., specially cast of lead and tested as to its 
accuracy. One tower showed a deviation at 
the base of one-eighth of an inch; two a 
deviation of a quarter of an inch; and the 
fourth (that with the twist) a deviation of 
five-eighths of an inch. It is hardly neces- 
sary to state that no attempt was made to 
improve on this result. 

The painting of the towers alone was a work 
of some magnitude. Each individual piece of 
timber or iron plate was given a good coat as 
soon as it was cut to size and 
before being fixed in position, 
and the whole of each tower 
received two more good coats after com- 
pletion. Each bolt-hole had a brush, previ- 
ously dipped in Stockholm tar, passed through 
it before inserting the bolt, which had also 
been dipped in the same preparation. All 
the unexposed ends of timbers were painted 
thoroughly with white lead, and every inch 
of steel wire was passed through a vat of 
paint before attachment. 

In May 1903 the station was visited by 
their Royal Highnesses the Prince and Prin- 
cess of Wales. His Royal Highness and most 
of the members of the party ascended to the 
top of one of the towers, from which a mag- 
nificent view of the grand coast-line of Mounts 
Bay is obtained. The towers were built on 
the assumption that at the most five years 
would see them superseded ; it is now seven 
years or more since their completion, and 
they are still as solid as ever, visible inland 
from the hills beyond Truro, 30 miles distant, 
and a landmark to those who go down to the 
sea in ships. 


Painting 
the Towers. 
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1. MOVING THE MONTAUK THEATRE, BROOKLYN. 
The building, which weighs 9,500 tons, was shifted 160 feet, and turned through an anglo of 87 degrees. 
The operations were completed in threo months. 


2. SHOWING. HOW THE MONTAUK THEATRE WAS JACKED UP OFF ITS ORIGINAL FOUNDATIONS. 





HOW BUILDINGS ARE TRANSPORTED 
BODILY. 


OUSE-MOVING—in the most literal 

H sense —is a recognized profession 
in‘ the United States, where the 

engineer is often called upon to transfer 
heavy brick and stone edifices bodily from 
one place to another. One of the most 
daring and remarkablo of 


Moving @ these feats recently carried 
9,500-ton 
Theatre. out was the removal of the 


old Montauk Theatre in 
Brooklyn. The edifice is a brick structure, 
having a total length of 153 feet, a width 
at its widest part of 45 feet, and a weight 
of some 9,500 tons, so that its transference 
demanded no little engineering skill. For 
some fifty years the theatre had stood with 
its facade on De Kalb Avenue. Some little 
time ago the city 
authorities decided 
to construct an ex- 
tension of Flatbush 
Avenue ; and as the 
new street line cut 
diagonally through 
the centre of the 
building, the theatre 
was purchased by 
the city authorities, 
who subsequently 
sold it to private 
purchasers. It was 
imagined, of course, that these would pull 
the edifice down, but they decided otherwise. 
They consulted the house-movers, and Messrs. 
Iversen and Gustaven signed a_ contract 
agreeing to transfer the edifice from its old 
site to another on Hudson Avenue. What 
the feat meant will be gathered by our sketch, 
showing the old and the new position of the 
building. Briefly, the task consisted in moving 





HUOSON AVENUE 


SKETCH OF OLD AND NEW 


THEATRE. 


the theatre bodily 47 feet back from De Kalb 
Avenue, slewing it round through an angle 
of 87 degrees, and then moving it forward 
between 60 and 70 feet until it fronted on 
Hudson Avenue. The first step the con- 
tractors took in moving this vast shell of a 
building, which has no interior division walls, 
was to bind the outer walls to- 
gether, and to provide a system 
of struts and tie-rods to keep 
the whole structure in true vertical position. 
The proscenium arch, which has a 35-foot 
opening spanned by a steel girder, next re- 
ceived attention. The load of the wall above 
this arch is carried upon two brick piers. In 
order to relieve the arch of some of its load, 
vertical timber posts were placed across the 
opening. The edifice now being prepared, 
operations were begun for its removal. A 
series of holes were first cut 
through the base of the theatre 
walls, 3 feet apart, centre to 
centre, and through each hole were intro- 
duced two 15-inch I-beams. At their ends 
these I-beams rested upon two parallel lines 
of crib work, one on each side of the wall. 
The crib work was built up as follows: Upon 
the ground were first laid 12-inch by 12-inch 
timbers in courses of varying depth to com- 
pensate for the irregularity of the ground, 
and upon these were laid parallel lines of steel 
rails in groups of four, there being one such 
group directly below each point at which the 
wall of the building was pierced for the sup- 
porting I-beams. Immediately below the I- 
beams which supported the walls longitudinal 
lines of 15-inch I-beams were laid in pairs 
parallel to the walls, and between the bottom 
of these last-named beams and the top of the 
steel rails were introduced the 2-inch es 


Securing 
the Walls. 


Preparations 
for Removal. 
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1. TRANSPORTING A TWO-STORY 200-TON BRICK DWELLING-HOUSE BY WATER OVER A DISTANCE OF 
FIVE MILES. 


9. A THREE-STORY 2,100-ToN HOUSE BEING MOVED. (Observe the many rollers.) 
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rollers, upon which the building was to make 
its journey. The next step was to provide an 
abutment for the horizontal 
jacks when the actual moving 
of the building took place. 
For this purpose 12-inch by 12-inch beams 
were laid parallel to the De Kalb Avenue 
wall of the edifice, and anchored by chains 
to the supporting crib work below the build- 
ing. Twenty-five jacks, manned by as many 
men, were then placed at regular intervals 
between the 12-inch abutment timbers and 
the longitudinal 15-inch I-beams—twenty on 
the outer wall and five on the inner wall. 
The screwing up of the jacks was done by 
signal, each man making a half turn when 
the whistle sounded. The work proceeded 
without any hitch, and in the course of a 
week the huge mass had been moved back 
47 feet from De Kalb Avenue. In slewing 
the building round, the jacks were applied 
tangentially at the corners of the supporting 
framework, and the great building rotated 
exactly as a bridge revolves on its turnstile. 
When it had been turned through 87 degrees, 
it was pushed forward until its facade 
fronted on Hudson Avenue. Here it was 
lowered upon a new foundation which had 
been built for it. The time occupied in 
transferring the edifice to its new site was 

three months. 
Somewhat different was the removal of a 
two-story brick building, weighing over 200 
tons, of which we reproduce 


Lifted 
by Jacks. 


hla Mg an illustration. It was trans- 
ee ported a distance of four 


miles in the neighbourhood 
of Pittsburg, most of the work being per- 
formed upon the water. From the moment 
the house was lifted until it was placed 
upon its new foundation there arose 


ENGINEERING WONDERS OF THE WORLD. 


one complication after another. The long 
stretch of ground lying between the original 
silt and the river was of so soft a nature 
that the building was constantly in danger of 
collapse ; and when these obstacles had been 
overcome, and the house had reached the 
shore of the river, a very severe flood arose 
and surrounded the stranded house. To 
prevent it from being washed away, the 
edifice had to be weighted with heavy steel 
rails. When the water had sunk sufficiently, 
the house was moved on to a coal barge and 
towed down the Alleghany River. To pass 
four low bridges on the way the barge had 
to be scuttled repeatedly, and pumped dry 
again when a bridge had been negotiated. 
Furthermore, the craft had to be lowered 
through a lock, and at the end of the river 
trip the house itself had to cross three tracks 
of the Buffalo, Rochester, and Pittsburg 
Railway within thirty minutes. 

Dwelling-houses weighing from 120 to 250 
tons are often conveyed bodily from one 
town to another in California. Such feats 
occupy from a fortnight to 
six weeks, and cost from £300 
to £500, according to the diffi- 
culties of the task. A great courthouse, 
measuring 38 feet by 50 feet and 51 feet in 
height, and weighing 48 tons, was conveyed 
some two years ago a distance of nineteen 
miles along the Burlington and Missouri 
Railway on four freight car trucks. Chicago 
has been the scene of some very clever and 
even daring removal feats. The Normandy 
Apartment Building, an 8,000-ton brick struc- 
ture, was moved bodily a distance of some 
350 feet to make room for an elevated railway. 
The work required the services of twenty-four 
men, with 800 jack screws and 600 rollers, for 
a period of ten weeks. 


Removal 
by Rail. 
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